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Description 

[0001] The present invention relates to a dispensing assembly for liquid droplets of the type comprising a dispenser 
having a main bore communicating with a nozzle having a nozzle bore terminating in a dispensing tip and delivery means 

5 for moving liquid to the dispenser and from there through the bore to form a droplet on the exterior of the tip and then 
to cause the droplet to fall off therefrom, in which the delivery means comprises a separate pressurised liquid delivery 
source for moving pressurized liquid to the dispenser through a liquid carrying pipe; and the dispenser is a metering 
valve dispenser and comprises an elongate body member having a valve seat forming an entrance to the nozzle; a valve 
boss of magnetic material housed in the body member, the cross sectional area of which is sufficiently less than that of 

10 the main bore to permit the free passage of liquid therebetween bypassing the valve boss; and a separate valve boss 
actuating assembly adjacent the body member. 

[0002] The invention is further concerned with a method of dispensing a droplet from a pressurised liquid delivery 
source through a metering valve dispenser comprising an elongate body member having a main bore communicating 
through a valve seat with a nozzle having a nozzle bore terminating in a dispensing tip, a separate floating valve boss 

15 of magnetic material housed in the body member, the cross sectional area of which is sufficiently less than that of the 
main bore to permit the free passage of liquid therebetween thus bypassing the valve boss; and a separate valve boss 
actuating coil assembly surrounding the body member, comprising the steps of delivering the pressurised liquid to the 
dispenser; opening the valve by actuating the coil assembly for a preset time to deliver liquid around the valve boss into 
the nozzle bore; and closing the valve as the droplet falls off. 

20 [0003] The present invention is generally related to liquid handling systems and in particular to systems for dispensing 
and aspirating of small volumes of reagents. It is particularly directed to a high throughput screening, polymerase chain 
reaction (PCR), combinatorial chemistry, microarraying, medical diagnostics and others. In the area of high throughput 
screening, PCR and combinatorial chemistry, the typical application for such a fluid handling system is in dispensing 
small volumes of the reagents, e.g. 1 ml and smaller and in particular volumes around 1 microliter and smaller. It is also 

25 directed to the aspiration of volumes from sample wells so that the reagents can be transported between the wells. The 
invention relates also to microarray technology, a recent advance in the field of high throughput screening. Microarray 
technology is being used for applications such as DNA arrays. In this technology the arrays are created on glass or 
polymer slides. The fluid handling system for this technology is directed to dispensing consistent droplets of reagents 
of submicrolitre volume. 

30 [0004] Development of instrumentation for dispensing of minute volumes of liquids has been an important area of 
technological progress for some time. Numerous devices for controlled dispensing of small volumes of liquids (in the 
range of 1 julI and smaller) for ink jet printing application have been developed over the past twenty five years. More 
recently, a wide range of new areas of applications has emerged for devices handling liquids in the low microlitre range. 
These are discussed for example in "analytical chemistry" [A.J. Bard, Integrated chemical systems, Wiley-lnterscience 

35 Pbl, 1994], and "biomedical applications [A.G. Graig, J.D. Hoheeisel, Automation, Series Methods in Microbiology, vol 
28, Academic Press, 1999]. 

[0005] The present invention is also directed to medical diagnostics e.g. for printing reagents on a substrate covered 
with bodily fluids for subsequent analysis or alternatively for printing bodily fluids on substrates. 

[0006] The requirements of a dispensing system vary significantly depending on the application. For example, the 

40 main requirement of a dispensing system for the ink jet applications is to deliver droplets of a fixed volume with a high 
repetition rate. The separation between individual nozzles should be as small as possible so that many nozzles can be 
accommodated on a single printing cartridge. On the other hand in this application the task is simplified by the fact that 
the mechanical properties of the liquid dispensed namely ink are well defined and consistent. Also in most cases the 
device used in the ink jet applications does not need to aspire the liquid through the nozzle for the cartridge refill. 

45 [0007] For biomedical applications such as High Throughput Screening (HTS) the requirements imposed on a dis- 
pensing system are completely different. The system should be capable of handling a variety of reagents with different 
mechanical properties e.g. viscosity. Usually these systems should also be capable of aspiring the reagents through the 
nozzle from a well. On the other hand there is no such a demanding requirement for the high repetition rate of drops as 
in ink jet applications. Another requirement in the HTS applications is that cross contamination between different wells 

50 served by the same dispensing device be avoided as much as possible. 

[0008] The most common method of liquid handling for the HTS applications is based on a positive displacement 
pump such as described in US Patent Specification No. US 5,744,099 (Chase et al). The pump consists of a syringe 
with a plunger driven by a motor, usually a stepper or servo-motor. The syringe is usually connected to the nozzle of 
the liquid handling system by means of a flexible polymer tubing The nozzle is typically attached to an arm of a robotic 

55 system which carries it between different wells for aspiring and dispensing the liquids. The syringe is filled with a liquid 
such as water. The water continuously extends through the flexible tubing into the nozzle down towards the tip. The 
liquid reagent which needs to be dispensed, fills up into the nozzle from the tip. In order to avoid mixing of the water and 
the reagent and therefore cross-contamination, an air bubble or bubble of another gas is usually left between them. In 
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order to dispense the reagent from the nozzle, the plunger of the syringe is displaced. Suppose this displacement expels 
the volume AV of the water from the syringe. The front end of the water filling the nozzle is displaced along with it. The 
water is virtually incompressible. If the inner volume within the flexible tubing remains unchanged, then the volume AV 
displaced from the syringe equals the volume displaced by the moving front of the water in the nozzle. If the volume of 

5 the air bubble is small it is possible to ignore the variations of the bubble's volume as the plunger of the syringe moves. 
Thus the back end of the reagent is displaced by the same volume AV in the nozzle, and therefore the volume ejected 
from the tip is the same AV. This is the principle of operation of such a pump. The pump works accurately if the volume 
AV is much greater than the volume of the air bubble. In practice the volume of the air bubble changes as the plunger 
of the syringe moves. Indeed in order to eject adrop from the tip, the pressure in the tubing should exceed the atmospheric 

to pressure by an amount determined by the surface tension acting on the drop before it detaches from the nozzle. Therefore 
at the moment of ejection the pressure in the tubing increases and after the ejection, it decreases. As common gasses 
are compressible, the volume of the air or gas bubble changes during the ejection of the droplet and this adds to the 
error of the accuracy of the system. The smaller the volume of the air bubble, the smaller is the expected error. In other 
words the accuracy is determined significantly by the ratio of the volumes of the air bubble and the liquid droplet. The 

15 smaller this ratio is the better the accuracy. For practical reasons it is difficult to reduce the volume of the air or gas 
bubble to below some one or two microlitres and usually it is considerably greater than this. Therefore, this method with 
two liquids separated by an air or gas bubble and based on a positive displacement pump is not well suited for dispensing 
volume as low as 1 microlitre or lower. There are also additional limitations on accuracy when sub-microlitre volumes 
need to be dispensed. For example, as the arm of the robotic system moves over the target wells, the flexible tubing 

20 filled with the water bends and consequently its inner volume changes. Therefore, as the arm moves, the front end of 
the water in the nozzle moves to some extent even if the plunger of the syringe does not. This adds to the error of the 
volume dispensed. Other limitations are discussed in Graig et al referred to above. Examples of such positive displace- 
ment pumps are shown in US Patent Specification No. 5744099 (Chase et al). Similarly the problems of dispensing 
drops of small volume are also described and discussed in U.S. Patent Specification No. 4574850 (Davis) and 5035150 

25 (Tomkins). 

[0009] U.S. Patent Specification No. 5741554 (Tisone) describes another method of dispensing small volumes of 
fluids for biomedical application and in particular for depositing the agents on diagnostic test strips. This method combines 
a positive displacement pump and a conventional solenoid valve. The positive displacement pump is a syringe pump 
filled with a liquid to be dispensed. The pump is connected to a tubing. At the other end of the tubing there is a solenoid 

30 valve located close to the ejection nozzle. The tubing is also filled with the fluid to be dispensed. In this method the piston 
of the pump is driven by a motor with a well defined speed. This speed determines the flow rate of the fluid from the 
nozzle provided the solenoid valve is opened frequently enough and the duty cycle open/close of the valve is long 
enough. The solenoid valve is actuated with a defined repetition rate. The repetition rate of the valve and the flow rate 
of the pump determine the size of each drop. For example, if the pump operates at a flow rate of 1(jlI per second and 

35 the repetition rate is 100 openclose cycles per second, then the size of each drop is 10 nl. However, for dispensing of 
submicrolitre volumes for HTS applications this method is often inappropriate since it is required to aspire fluid through 
the nozzle in small quantities and then dispense it in fractions of this quantity. To avoid mixing of the fluid aspired with 
the one in the syringe pump, it is probably necessary to place a bubble of gas in the tube with the attendant problems 
[001 0] While this type of pump and solenoid valve is designed for dispensing series of drops of consistent size, it may 

40 not be well suited for dispensing single drops i.e. one drop on demand which is exactly the mode of dispensing used in 
the HTS applications. If the solenoid valve open time and/or operating frequency are too small for a given pump flow 
rate, the pressure in the dispenser will become too great, causing possible rupture or malfunctioning of the system. 
Further, the specification describes using an electrostatic printing head and charging the droplets between a pair of 
deflector plates to accurately position the droplets. 

45 [001 1] PCT Patent Specification No. W099/42752 (Bio Dot, Inc.) discloses a dispensing assembly for liquid droplets 
of the type having a main bore communicating with a nozzle having a nozzle bore terminating in the dispensing tip and 
delivery means for moving liquid to the dispenser and from there through the nozzle bore to form a droplet on the exterior 
of the dispensing tip and then to cause a droplet to fall off therefrom, wherein the delivery means comprises a separate 
pressurized liquid delivery source for moving pressurized liquid to the dispenser; and the dispenser is a metering valve 

50 and comprises an elongate body member having a valve seat forming an entrance to the nozzle and a valve boss of 
magnetic material housed in the body member. A separate valve boss actuating assembly adjacent the body member 
is provided. The valve boss is connected intermediate its ends to a diaphragm which seals off portion of the valve boss 
and body from the remainder of the valve boss and body. The device includes a cavity beneath the diaphragm which is 
fed by a main feed line with the liquid that has to be dispensed. Essentially, the solenoid valve flexes the diaphragm to 

55 cause the liquid to be dispensed. 

[001 2] UK Patent Specification No. 1 520606 (Burron Medical Products, Inc.) discloses a drop detector in which when 
a droplet falls of the dispenser, the valve is cut off. Essentially, once the drop is detected, the detection of the drop is 
used to control the valve. 
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[001 3] US Patent No 5,758,666 (Carl O. Larson, Jr. et al) describes a surgically implantable reciprocating pump having 
a floating piston made of a permanent magnetic material and incorporating a check valve. The piston can be moved by 
means of energising the coils in a suitable timing sequence. The piston allows the flow of liquid through it when it moves 
in one direction as the check valve is open and when it moves in the opposite direction, the check valve is closed and 
the liquid is pumped by the piston. 

[0014] US Patent No 4,541 ,787 (Sanford D. DeLong) describes an electromagnetic reciprocating pump with a "mag- 
netically responsive" piston as it contains some ferromagnetic material. The piston is actuated by at least two coils 
located outside the cylinder containing the piston. The coils are energised by a current with a required timing. 
[0015] PCT Patent Specification No. WO 98/52640 (Q-Core Ltd) describes a fluid control system which includes one 
or more of electromagnetic devices to control fluid flow such as valves, which is used for flow control in medical infusion 
where the slow injection of liquids into a patient over a period of minutes or hours, with real time process control, is 
required. The fluid flow control valve includes a fluid flow conduit with a fluid inlet and a fluid outlet and with one or more 
discrete magnetic elements located within the conduit which discrete magnetic elements are spherical and are positioned 
by means of a number of selectively activated electromagnetics located in association with the conduit. The spherical 
magnetic element can be positioned either to close fluid flow by engaging either a fluid inlet or outlet, or to open a fluid 
flow by being positioned intermediate the fluid inlet and outlet. 

[0016] Drops of microlitre volume and smaller can be also generated by the method of electrospray which is mainly 
used for injection of a fluid into a chemical analysis system such as a mass spectrometer. In most cases the desired 
output of electrospray is not a stream of small drops but rather of ionised molecules. The method is based on supplying 
a liquid under pressure through a capillary towards its end and then a strong electrostatic field is generated at the end 
of the capillary by applying a high voltage, typically over 400V, between the end of the capillary and a conductor placed 
close to it. A charged volume of fluid at the end of the capillary is repelled from the rest of the capillary by Coulomb 
interaction as they are charged with the like charges. This forms a flow of charged particles and ions in the shape of a 
cone with the apex at the end of the capillary. A typical electrospray application is described in US Patent Specification 
No. 51 15131 (James W. Jorgenson et al). 

[0017] There are inventions where the droplets emitted from a capillary are charged in order to prevent them from 
coming together with coagulation. This approach is described in US Pat No 5,891 ,212 (Jie Tang et al) for fabrication of 
uniform charged spheres. US Pat. No 4,302,166 (Mack J. Fulwyler et al) teaches how to handle uniform particles each 
containing a core of one liquid and a solidified sheath. In this invention the electric field is applied in a similar way to 
keep the particles away from each other until the sheath of the particles has solidified. In this invention the particles are 
formed from a jet by applying a periodic disturbance to the jet US Pat No 4,956,1 28 (Martin Hommel et al) teaches how 
to dispense uniform droplets and convert these into microcapsules. A syringe pump supplies the fluid into a capillary. A 
series of high voltage pulses is applied to the capillary. The size of the droplets is determined by the supply of fluid 
through the capillary and the repetition rate of the high voltage pulses. The patent discusses generation of a single drop 
on demand. US Pat. No 5,639,467 (Randel E. Dorian et al) teaches a method of coating of substrates with a uniform 
layer of biological material. A droplet generator is employed which consists of a pressurised container connected to a 
capillary. A high constant voltage is applied between the capillary and the receiving gelling solution. 
[0018] There are numerous methods for ink jet dispensing . The ink jet printing industry is the main driving force in 
the continuing progress in this field. Some of the well known methods are listed below: 

a) One of the oldest methods of creating separated and uniform droplets is based on breaking a jet of liquid emerging 
from the nozzle. To control the breaking up of the jet into separated droplets periodical vibrations are applied to the 
jet of liquid. The optimal frequency F of such vibrations was estimated by Lord Rayleigh over a hundred years ago: 



V 

F = 

4.51d 

where 

V - emerging jet velocity 
d - jet diameter. 

All droplets at this frequency are created uniformly with the same volume. A typical example of implementation of 
this method can be found in U.S. Patent No. 5,741 ,554 (Tissone). 

b) In numerous implementations of ink jet printing, pressure waves inside a liquid-holding chamber are created by 
a piezoelectric actuator. Accelerated by pressure waves, the liquid in the chamber achieves sufficient speed to move 
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through the nozzle and to overcome capillary forces at the tip. In such a case a small droplet will be formed. 

c) According to one method, the piezoelectric transducer changes the volume of the container and creates pressure 
waves in the liquid in the container. The action of compression wave causes some amount of the liquid (ink) to go 

5 through the nozzle and to form droplets which are separated from the bulk liquid in the container, see for example 

U.S. Patent No. 5,508,726 (Sugahara). 

d) In U.S. Patent No. 5,491,500 (Inui) an ink jet head is described where liquid in the printing head is "pushed" by 
progressive waves created by a synchronized row of piezoelectric devices. Eventually, liquid in the printing head 

10 obtains enough speed to spray sequences of droplets through the nozzle. 

[0019] In the methods b) to d) listed above it is necessary to have liquid without vapor and bubbles. Droplet viscosity, 
surface tension are very important. In the b) and c) cases droplets can be only of a fixed size. 

[0020] In summary, the most common method of handling reagents used in HTS applications is based on a positive 
15 displacement pump and a gas bubble. The problem is that when dispensing volumes of reagents around 1 microlitre or 
smaller the variation in the volume of the bubble during the dispensation compromises the accuracy. It has been found 
difficult to eject small droplets of precisely required volume using this method. 

[0021] The use of a solenoid valve has two main disadvantages when used for HTS applications. The first one is the 
relatively high cost of a solenoid valve such that it cannot be a disposable element and thus cross contamination can 
20 be a major problem. Further difficulties have been experienced in achieving dead volumes smaller than 1 to 2 microlitres 
in a conventional solenoid valve. 

[0022] Piezo dispensers while used are often not well suited for dispensing reagents for medical applications. The 
reason is that the piezo dispenser commonly requires that fluid to be dispensed has well defined and consistent properties. 
Unfortunately, reagents and bodily fluids used in medical and biomedical applications have broadly varying properties 

25 and often contain particles and inhomogenities which can block the nozzle of the piezo dispenser. 

[0023] As the size of wells becomes smaller and smaller, the problem of missing the correct well or dropping the liquid 
reagent at the wrong place of the substrate on which the reagent is being deposited becomes more and more significant. 
Measurement of the volume of the drops dispensed in the submicrolitre range is a formidable task. It would be a highly 
desired and valuable feature of a liquid handling instrument to be capable of measurement of volume of individual 

30 droplets especially in the submicrolitre range, and also measurement of the dispensation event which will allow excluding 
missing a drop. 

[0024] US Patent No. 5,559,339 (Domanik) teaches a method for verifying a dispensing of a fluid from a dispense 
nozzle. The method is based on coupling of electromagnetic radiation which is usually light from a source to a receiver. 
As a droplet of fluid travels from the nozzle it obstructs the coupling and therefore the intensity of the signal detected by 
35 the receiver is reduced. The mechanism of such an obstruction is absorption of electromagnetic radiation by the droplet. 
The disadvantage of this method is that the smaller the size of the droplet, the smaller is the absorption in it. Almost 
certainly the method should not work for fluids which do not absorb the radiation. 

[0025] For a range of applications such as high through put screening where minute droplets of fluids with a broad 
range of optical properties need to be dispensed the methods disclosed in this specification are inappropriate. Further 
40 the specification acknowledges that it will only operate satisfactorily with major droplets. 

[0026] The present invention is directed towards providing an improved method and apparatus for dispensing of 
volumes of liquids as small as 10 nl = 10 _8 I or even smaller, while at the same time it should be possible to dispense 
larger droplets such as those as large at 10 microlitres or even greater. 

[0027] Another objective is to provide a method where the quantity of the fluid dispensed can be freely selected by 
45 the operator and accurately controlled by the dispensing system. The system should be capable of dispensing e.g. a 
10 nl drop followed by a 500 nl one in comparison to for example ink jet printing where the volume of one dispensation 
is fixed, and dispensations are only possible in multiples of this quantity. 

[0028] The invention is also directed towards providing a method where the fluid can be dispensed on demand, i.e. 
one quantity can be dispensed at a required time as opposed to a series of dispensations with periodic time intervals 
50 between them. Yet, the method should also allow for dispensation of doses with regular intervals between subsequent 
dispensations, for example, printing with reagents. 

[0029] Another objective of the present invention is to provide a method and a device suitable for dispensing a fluid 
from a supply line to a sample well and also for aspiring a fluid from the sample well into the supply line. The device 
should be able to control accurately the amount of the fluid aspired into the nozzle of the dispenser from a supply well. 
55 [0030] Another objective is to provide a low cost front end of the dispensing device called herein the dispenser which 
could be disposed of when it becomes contaminated namely the part which comes in direct contact with the reagents 
dispensed. It is an important objective of the i nvention to provide a dispenser such that the disconnection and replacement 
is achieved simply such as by an arm of a robot. 
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[0031] Another objective is to provide a method for handling fluids in a robotic system for high throughput screening 
or microarraying which would be suitable for accurate dispensing and aspiring volumes smaller than the ones obtainable 
with current positive displacement pumps. 

[0032] Yet another objective is to provide means of more accurate delivery of a drop of liquid reagent to a correct 
target well on a substrate and also to improve the accuracy of delivery of the drop to a correct location in a well forming 
part of a receiving substrate. 

[0033] Yet another objective is to provide means for directing the doses of fluids into different wells of a sample well 
plate and means of controlling the delivery address of the dose on the sample well plate to speed up the liquid handling 
procedure. 

[0034] Yet another objective of the invention is to reduce "splashing" as the drop arrives at the well. 

[0035] Another objective of the invention is to provide information if the drop was dispensed or not. It is additional an 

objective to measure the volume of the drop which was dispensed. 

Statements of Invention 

[0036] According to the invention there is provided a dispensing assembly for liquid droplets of the type comprising: 

a metering valve dispenser comprising an elongate body member having a main bore terminating in a valve seat 
forming an entrance to a nozzle, the nozzle having a nozzle bore terminating in a dispensing tip, 

a valve boss of hard magnetic material housed in the body member, the cross sectional area of which is sufficiently 
less than that of the main bore to permit the free passage of liquid therebetween, and bypassing the valve boss, 

a separate valve boss actuating assembly adjacent the body member, and 

delivery means comprising a separate pressurized liquid delivery source for moving pressurized liquid to the dis- 
penser through a liquid carrying pipe, 

characterized in that the floating valve boss is an elongate valve boss for limited movement out of line with the main 
bore and is magnetized along its longitudinal axis. 

[0037] This has major advantages in that the dispensing assembly does not rely on a positive displacement pump, or 
any other pressurised source for the actual delivery, it uses what is effectively a solenoid valve, but a solenoid valve 
that is not of conventional construction. All it needs is a pressurised liquid delivery which can be any form of pressurised 
liquid delivery such as a positive displacement pump which functions as a source of pressure, not a metering device. It 
is important to appreciate that there is no mechanical connection between the valve boss and the other parts of the 
dispenser. There are no springs, nor any other mechanical actuation means. In fact there is virtually no dead volume in 
the dispenser. It will also be appreciated that the dispenser is effectively separate from the actuating coils so that a very 
low cost dispenser can be used which will allow easy removal. A major feature of the invention is that the elongate body 
member of the dispenser is effectively disposable. 

[0038] As stated above, the valve boss is of a hard magnetic material and ideally the valve boss is biased to a closed 
position into engagement with the valve seat by an external magnetic field generated by the actuating coil assembly. 
This is in direct contradiction to more conventional solenoid valves, where the plunger is usually of a soft magnetic 
material. It has been found that for dispensing minute volumes the force that can be exerted by the valve boss by a 
current coil is greater with a hard magnetic material and thus the valve boss moves quicker and greater accuracy of 
dispensing is achieved. With a hard magnetic material only one coil is necessary as all that is required is to reverse the 
direction of the current to open and close the valve. 

[0039] Ideally the valve boss is covered with a layer of a soft polymer material. This will ensure that there is a good 
seal at the valve seat. Alternatively the valve boss may be made from flexible bonded magnetic material. 
[0040] In one embodiment of the invention the actuating coil assembly comprises two separate sets of coils for moving 
the boss in opposite directions within the body member. Two coils are obviously necessary when the valve boss is made 
of a soft magnetic material. 

[0041] In one embodiment of the invention the actuating coil assembly comprises a source of electrical power and a 
controller for varying the current over time as each droplet is being dispensed. Varying the current ensures that the peak 
current is supplied when required i.e. when actually opening and closing the valve, while by varying the current and only 
using the highest current when required, overheating is prevented and as will be appreciated the use of current of a 
higher current value when required is acceptable and useful. 

[0042] One advantageous shape is for the boss to be a cylindrical plug. This is particularly advantageous for hard 
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magnetic materials in that axisymmetrical magnetization can be achieved. 

[0043] In one embodiment of the invention the cylindrical plug has radially extending circumferential fins whereby on 
movement of the boss towards the valve seat liquid is urged into the nozzle bore and onto the tip. This ensures even 
more positive displacement of the liquid into the nozzle bore and thus more positive dispensing of the droplets. Such 
5 materials can either have hard or soft magnetic properties and if they are of a relatively soft polymer material they can 
improve the performance of the seal. 

[0044] Ideally the body member and the nozzle form the one integral moulding of plastics material and integral moulding 
is relatively inexpensive and further improves disposability. 

[0045] In one embodiment of the invention there is provided a dispensing assembly comprising; 
to an electrode incorporated in the dispensing tip; 

a separate receiving electrode remote from the tip; and 

a high voltage source connected to one of the electrodes to provide an electrostatic field therebetween to cause detach- 
ment of a droplet formed on the dispensing tip. 

[0046] It is often advantageous to decrease the pressure in the line connected to the dispenser as this will allow much 
15 easier pressure tight connections to be made and thus advantageously increase the disposability and replaceability of 
parts of the dispenser. Further because of the use of lower pressures the droplets are now ejected at lower speed at 
these lower pressures so that splashing is minimised. The electrostatic field still allows the dispenser to operate. 
[0047] Ideally the receiving electrode is below the dispensing tip and a droplet receiving substrate may be mounted 
between the receiving electrode and the dispenser tip, or mounted below the receiving electrode, the receiving electrode 
20 in the latter case having at least one hole for the droplet to pass through to the receiving substrate. Indeed there may 
be a plurality of receiving electrodes at least one of which is activated at any one time. All of these improve the accuracy 
and control of the dispensing. Ideally synchronous indexing means may be provided for the dispenser and/or the receiving 
electrode for accurate deployment of droplets on the substrate. 

[0048] In one embodiment of the invention there is more than one receiving electrode forming droplet deflection 
25 electrodes which are mounted below the dispensing tip and above the droplets receiving substrate and in which the high 
voltage source has control means to vary the voltage applied to the deflection electrodes. All of these further improve 
the accuracy of the guidance of the droplets onto the receiving substrate. This has become particularly important with 
the miniaturisation of substrates since it becomes increasingly difficult to ensure that the droplet reaches its correct 
destination. 

30 [0049] In one embodiment of the invention there is provided a detector for sensing the separation of the droplet from 
the dispensing tip. In a particularly preferred example of this latter embodiment, the detector comprises: 

a source of electromagnetic radiation; 

35 means for focussing the radiation on the end of the dispensing tip: and 

means for collecting the radiation transmitted by a droplet on the dispensing tip. Preferably this is reflected or 
refracted radiation. 

40 [0050] In many instances it is necessary to ensure that a droplet did indeed get dispensed. In some of these embod- 
iments the source of radiation is mounted within the dispenser nozzle. 

[0051 ] Ideally means are provided for measuring the charge of the droplet which can be conveniently done in a Faraday 
Pail which can have a bottom or may be bottomless. This will allow both the charge and mass of the droplet to be 
ascertained and in particular when using the bottomless Faraday Pail the actual mass of the droplet can be ascertained 
45 without loss of liquid. 

[0052] Further the invention provides a method of dispensing a droplet having a volume less than ten micro litres 
(1 OjulI) from a pressurised liquid delivery source through a metering valve dispenser comprising an elongate body member 
having a main bore communicating through a valve seat with a nozzle having a nozzle bore terminating in a dispensing 
tip, a separate elongate floating valve boss of hard magnetic material housed in the body member for limited movement 
50 out of line with the main bore and which is magnetized along its longitudinal axis, the cross sectional area of the elongate 
floating valve boss is sufficiently less than that of the main bore to permit the free passage of liquid therebetween thus 
bypassing the valve boss; and a separate valve boss actuating coil assembly surrounding the body member, comprising 
the steps of: 

55 delivering the pressurised liquid to the dispenser; 

opening the valve by actuating the coil assembly for a preset time to deliver liquid around the valve boss into the 
nozzle bore; and 
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closing the valve as the droplet falls off. 

[0053] In this latter method, the step may be performed of the valve being shut off,of generating a pulse of voltage at 
a receiving electrode remote from the dispensing tip to generate an electrostatic field to cause an electrostatic potential 
between the droplet and the receiving electrode to detach it from the dispensing tip. This will allow the liquid to be 
pressurised at less than 4 or even 2 bar. 

[0054] In this latter method the receiving electrode may be mounted beneath a droplet receiving substrate and the 
nozzle, or between a droplet receiving substrate and the nozzle. In either of these methods the electrode could move 
after each droplet is dispensed to direct the next droplet to another position on the substrate and further in any of these 
methods spaced apart deflection electrodes may be placed around the dispensing tip and a droplet receiving substrate 
and the electrodes are differentially charged to cause the droplet to move laterally as it drops from the dispensing trip. 
This ensures accurate placement of droplets on substrates. Indeed the deflection electrodes can be placed in many 
suitable places above or below the substrate all that is required is to deflect the droplet. 
[0055] Further the invention provides a method comprising the steps of: 

measuring the volume of a droplet of a particular liquid for different drop off voltages; 

storing a database of the measurements; 

recording the drop off voltage when a droplet detaches from the dispensing tip; and 

retrieving the volume from the database. 

[0056] This is a particularly suitable way of calibrating the device. 
[0057] Preferably the drop off voltage is measured by a Faraday Pail. 

[0058] When it is desired to record the drop-off of a droplet, this invention provides a method of so-doing which includes 
the steps of: 

directing an electromagnetic beam from a source of electromagnetic radiation at the droplet as it forms at the tip; and 

monitoring the electromagnetic radiation coupled by the droplet at a collector remote from the droplet. 

[0059] In this latter method the light beam may be the source of electromagnetic radiation and the amount of light 
reflected and/or refracted by the droplet is monitored. This is a particularly convenient and relatively inexpensive way 
of providing the source of radiation. 

[0060] In one method according to the invention the steps are performed of: 

measuring the charge of droplets of a particular liquid for different volumes of droplets; 

storing a database of the measurements; 

recording the charge on each droplet; and 

retrieving the volumes from the database. 

[0061] This is a very suitable way of obtaining the mass and volume of the various liquids being dispensed. 
[0062] A particularly suitable way of carrying out this method is by: 

measuring the width of the voltage pulse in a Faraday pail; 

determining the time taken for the droplet to pass through the pail; 

deriving the speed of the droplet from the time taken to pass through the pail; and 

calculating the mass of the droplet from the charge to mass ratio. 

[0063] The great advantage of using a Faraday Pail is that there is no destruction or loss of any of the droplets. 
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Detailed Description of the Invention 

[0064] The invention will be more clearly understood from the following description of some embodiments thereof 
given by way of example only with reference to the accompanying drawings in which: 

Fig. 1 (a) and (b) are diagrammatic views of a positive displacement pump arrangement of the prior art; 

Figs. 2 and 3 are diagrammatic views of a dispensing assembly according to the invention; 

Figs. 4 and 5 illustrate diagrammatically another alternative construction of dispensing assembly, 

Fig. 6 illustrate an alternative construction of dispenser; 

Fig. 7 illustrates another construction of dispenser; 

Figs. 8 (a) and (b) illustrates a further construction of dispenser in closed and open modes; 

Fig. 9 illustrates another dispensing assembly according to the invention; 

Fig. 1 0 illustrates a still further dispensing assembly; 

Fig. 1 1 illustrates another dispensing assembly; 

Fig. 12 is a graph of low pressure droplet formation; 

Fig. 13 is a graph of high pressure droplet formation; 

Fig. 14 is a graph showing the effect of a droplet volume on the drop-off voltage; 
Fig. 15 is a graph of drop-off voltage against distances from tip to an electrode; 
Fig. 16 illustrates diagrammatically a test assembly; 

Fig. 1 7 is a graph of the effect of deflection electrode voltage on a droplet deflection; 

Fig. 18 illustrates diagrammatically an electromagnetic balance; 

Fig. 19 gives the circuit diagram of the electromagnetic balance of Fig. 18; 

Figs. 20 to 24 show various droplet drop-off detectors according to the invention, 

Fig. 25 records a test to ascertain that the volume of a droplet is related to the electrostatic charge it holds; 
Fig. 26 records a similar test to that of Fig. 25 under different conditions; 
Fig. 27 shows the effect in a Faraday Pail of a droplet; 

Fig. 28 illustrates graphically the noise and sensitivity of one dispensing assembly; 

Fig. 29 illustrates an electronic circuit used with a Faraday Pail according to the invention; 

Fig. 30 is a diagrammatic view of one form of application of Faraday Pail; 

Fig. 31 is a diagrammatic view of another alternative form of application of Faraday Pail; 

Figs. 32 (a) and (b) illustrate an alternative construction of dispenser; 

Fig. 33 is a side view of an alternative construction of dispenser; 
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Fig. 34 is a plan view of the dispenser of Fig. 33; 
Fig. 35 is a sectional view of the dispenser of Fig. 33; 
5 Fig. 36 is a side view of a still further dispenser; 

Fig. 37 is a plan view of the dispenser of Fig. 36; and 
Fig. 38 is a sectional view of the dispenser. 

10 

[0065] Referring to the drawings and initially to Figs. 1 (a) and (b) there is illustrated the prior art showing a conventional 
method of liquid droplet production using a positive displacement pump. There is illustrated a motor 1 driving a piston 
2 of a positive displacement pump 3 containing water 4 connected by flexible tubing 5 to a robotic arm 6 carrying a 
nozzle 7 having a tip 8 into which the tubing 5 projects. A reagent 9 is contained in the nozzle 7 adjacent to the tip 8 and 
15 separated from the water 4 by a gas bubble 1 0 see Fig. 1 (b). The motor 1 which is usually a stepper or servo motor will 
each time move the piston 2 to dispense reagent. 

[0066] The description, with reference to Figs. 2 to 5 inclusive, describes a dispensing assembly of the type used with 
the present invention. The description following describes in detail the construction and operation of parts of the dispensing 
assembly, necessary for understanding the invention. 

20 [0067] Referring now to Figs 2 and 3 there is illustrated a dispensing assembly for liquid droplets, indicated generally 
by the reference numeral 20. The dispensing assembly 20 comprises a delivery means indicated generally by the 
reference numeral 21 which, in turn, comprises a pressure source 22 feeding a pressure regulator 23 and a pressure 
readout device 24 all connected to an electronic controller 25. The pressure readout device 24 in turn feeds through a 
high pressure airline 26, a switch 27 which is also fed by a vacuum pump 28 and vacuum line 29. The switch 27 is also 

25 connected to the electronic controller 25. The switch 27 connects by a further airline 30 to a reagent reservoir 31 which 
in turn feeds by a liquid carrying pipe 32, a dispenser, indicated generally by the reference numeral 40. 
[0068] The dispenser 40 is illustrated in more detail in Fig. 3 and comprises of an elongated body member 41 having 
a main bore 42 connected at one end to the liquid carrying pipe 32. At the other end the main bore has a valve seat 43 
connecting to a nozzle 44 having a nozzle bore 45 terminating in adispensing tip 46. The valve boss 47 of a ferromagnetic 

30 material covered with a soft polymer 48 is mounted in the main bore 42 and has a cross sectional area less than that of 
the main bore 42. 

[0069] A separate valve boss actuating coil assembly comprising upper and lower coils 50 and 51 respectively are 
provided separate from the body member 41 and are also connected to the electronic controller 25. As can be seen in 
Fig. 2 the power source for the coils 50 and 51 is not illustrated. 
35 [0070] Again referring to Fig. 2 a droplet receiving substrate 55 usually in the form of a series of wells is mounted 
below the dispensing tip 46 and above a conducting plate 56. The conducting plate 56 is connected to the electronic 
controller 25 through a high voltage source 57. Reagent when in the form of droplets is identified by the reference numeral 
58 in Fig. 2. 

[0071] It will be noted that the dispenser 40 is grounded to earth through a earthline 59, in effect making the dispensing 
40 tip 46 an electrode. 

[0072] In operation the reagent is stored in the main bore 42 of the body member 41 and the controller 25 is operated 
to cause the coils 50 and 51 to be activated to raise the valve boss 47 off the valve seat 43 and to allow the reagent to 
pass between the valve boss 47 and the walls of the main bore 42 down into the nozzle bore 45 until the coils are 
activated again to shut off the valve by lowering the valve boss 47. As the valve opens the reagent is supplied to the 

45 dispensing tip 46 and the droplet 58 grows. The volume of the droplet 58 is obviously determined by the length of time 
the valve is open and, the viscosity of the liquid, the cross-sectional area of the nozzle bore, its length and also the 
pressure exerted on the liquid through the valve from the switch 27. It will be appreciated that if the pressure exerted 
on the liquid is sufficiently above ambient which is normally atmospheric (1 bar) the droplet will be ejected from the tip 
46. However, in many instances, when the pressure is too low or in any case for accuracy, applying a relatively high 

50 voltage to the conducting plate 56 will cause an electrostatic field to be exerted between the dispensing tip 46 and the 
substrate 55 thus causing the droplet 58 to be pulled downwards onto the substrate 55 by a force considerably in excess 
of gravity. 

[0073] To aspire reagent from a substrate or indeed from any reagent reservoir or container the vacuum pump 28 is 
operated and the switch 27 suitably arranged to ensure that the vacuum pump 28 and vacuum line 29 is connected to 
55 the dispensing assembly 20. The valve is opened and the liquid sucked up into the dispenser 40 

[0074] Referring now to Figs 4 and 5 there is illustrated an alternative construction of dispensing assembly indicated 
generally by the reference numeral 60. In this embodiment the dispenser is indicated generally by the reference numeral 
70 and parts similar to those described in the previous Fig. 3 are identified by the same reference numerals. The only 
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difference between the dispenser 70 and the dispenser 40 is that there is a boss stopper 71 provided in the main bore 
42. In this embodiment referring specifically to Fig. 4 the delivery means indicated generally by the reference numeral 
80 comprises a positive displacement liquid handling system. There is provided a stepper motor 81 incorporating suitable 
controls operating a piston 82 of a pump 83 containing water 84 delivered by flexible tubing 86 to the dispenser, air 87 
separates the water 4 from the reagent. The tubing 86 is connected by a suitable seal 88 to the dispenser 70. 
[0075] Referring to Fig 6 there is illustrated in alternative construction of a dispenser, indicated generally by the 
reference numeral 90 in which parts similar to those described in the previous drawings are identified by the same 
reference numerals. In this embodiment the dispenser 90 includes a cylindrical valve boss 91 of permanent magnetic 
material surrounded by a polymer coating 92. Again, it will be noted that the cross sectional area of the valve boss 91 
with the coating is less than that of the main bore 42. It is advantageous to have the cylinder 91 magnetised along its 
axis as indicated by the arrow. 

[0076] Fig 7 shows another construction of dispenser, identified generally by reference numeral 100, again parts 
similar to those described in the previous drawings are identified by the same reference numerals. In this embodiment 
there is provided a valve seat 101 with a sharpened peripheral tip 102 which will engage the polymer coating of 92 of 
the cylindrical valve boss 91 . In this embodiment there is only one coil 50 as the cylindrical valve boss 91 is of a permanent 
magnetic material. It is advantageous to have the cylinder 91 magnetised along its axis as indicated by the arrow. 
[0077] Referring now to Figs 8(a) and 8(b) there is illustrated another dispenser indicated generally by the reference 
numeral 110 in which parts similar to those described with reference to Fig. 7 are identified by the same reference 
numerals. This shows clearly the opening and closing of the dispenser 1 1 0 together with the direction of the liquid flow 
around the cylindrical valve boss 91 . Two sets of coils 50 and 51 are used though the valve boss 91 is of a permanent 
magnetic material. 

[0078] Referring now to Fig. 9 there is illustrated a dispensing assembly indicated generally by the reference numeral 
120 incorporating a dispenser 40 as described above with reference to Figs. 2 and 3. In this embodiment the droplets 
are identified by the numeral 58 and successive subscripts thus 58(a) to 58 (c). The dispensing tip 46 effectively forms 
or incorporates an electrode by virtue of being grounded by the earth line 59. There is mounted below the dispenser 40 
a receiving substrate 121 incorporating reagent wells 1 22. For three of the wells 1 22 a, b and c there are, for simplicity 
identified by the same subscript letters, droplets 58 a, b and c both approaching the wells 122 and in them. Positioned 
below the receiving substrate 121 is a receiving electrode 123 in turn mounted on an indexing table 124. The receiving 
electrode 123 is connected to a high voltage source 125. 

[0079] The indexing table 124 is used to position the receiving electrode 123 below the appropriate reagent well 122 
as shown by the interrupted lines in the drawing. 

[0080] Referring now to Fig. 10 there is illustrated an alternative construction of dispensing assembly, indicated gen- 
erally by the reference numeral 1 30 in which parts similar to those described in Fig. 9 are identified by the same reference 
numerals. In this embodiment there is provided a plurality of receiving electrodes 131 on the indexing table 124, which 
are individually connected to the high voltage source 125. 

[0081] Referring now to Fig. 1 1 there is illustrated still further construction of dispensing assembly indicated generally 
by the reference numeral 140 in which parts similar to those described with reference to Fig. 9 are identified by the same 
reference numerals. In this embodiment there are provided additional deflecting electrodes 141 and 142. It will be 
appreciated that depending on the voltage on the deflecting electrodes 141 and 142, the droplets 58 will in conjunction 
with the receiving electrodes 123 navigate into the appropriate reagent well 122. This is illustrated clearly in Fig. 1 1 by 
the interrupted lines. 

[0082] In Fig. 1 1 there is also shown a receiving electrode 123 but it will be appreciated that such a receiving electrode 
123 will not always be necessary. It is also possible to use a conducting plate such as illustrated in Fig. 2 or it is possible 
to use only deflecting electrodes. However, what will be appreciated by consideration of the dispensing assemblies as 
illustrated in Figs. 9 to 1 1 inclusive is that electrostatic navigation of the drops by means of both the receiving electrodes 
and the deflecting electrodes can be relatively easily achieved. 

[0083] Before discussing in any more detail certain other aspects of the present invention it is necessary to discuss 
in some detail the nature of droplet formation, the effect of the electrostatic field on its drop-off from a dispensing tip and 
the various other factors that govern the volume of the droplet and its formation. 



Test No. 1. 



[0084] 



Liquid 

Temperature 
Delivery pressure 



Water 

20°C 

1 Bar (15 psi) 
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Table continued 

Valve boss Samarium Cobalt permanent magnet 

Length 5.5mm 

Diameter 1 .8mm 

Lower valve seat contacting side -nitrile rubber 1 mm thick 
Actuating coil resistance 30Ohm 
Nozzle Length 35mm 

Internal diameter 100 micron 

Outside diameter 170 micron 



[0085] In this experiment the pressure was not sufficiently high to eject the droplet from the nozzle and a grown drop 
remained on the dispensing nozzle. Tolerance for the drop volume was ± 1nl. The drop volume was measured by 
transferring the drop grown to a calibrated capillary. 
[0086] Activation phases: 



Phase 1 (strong force to open the valve quickly) 
Voltage 22 V 
Duration 0.2 to 0.5ms 



Phase 2 (no applied force). 
Voltage 0V 
Duration 0.1 to 1 ms 



Phase 3 (strong force to close the valve quickly) 
Voltage 22 V 
Duration 0.2 to 0.4ms 



Phase 4 (small force to keep the valve closed to prevent leakage and dump oscillations) 
Voltage 4V 

Phase 4 is the interval between cycles. 

Fig. 1 2 shows the dependence of the volume of the droplet grown at the dispensing tip as a function of the duration 
of phase 2. 



Test No. 2. 



[0087] All the conditions remained the same as in Test No. 1 except that the pressure in the line connected to the 
dispenser was increased to 10 bar (150 psi). In this experiment drops were ejected from the nozzle by the pressure 
gradient which was sufficient to eject the drops and the tolerance of the measuring volume of the drops was ± 3nl. Fig. 
13 illustrates the results obtained. 

[0088] In both of the above two tests it is important to appreciate that the shape and construction of the nozzle will 
vary the test results and thus different test results will be achieved for different constructions of nozzle. 



Test No. 3 



[0089] The conditions of the dispensing assembly were identical as for Tests No. 1 and No. 2 with the addition of a 
conducting plate. This was spaced from the dispensing tip by 10mm and had dimensions 100mm X 100mm. 
[0090] A high voltage was applied to the conducting plate which was arranged in substantially the same manner as 
the dispensing assembly of Fig. 2. 

[0091] The test was carried out by growing a droplet on the dispensing tip of the nozzle by opening the valve. Then 
the voltage was gradually increased until drop off occurred, when it was recorded. The volume of the droplet measured 
by repeating this with the electromagnetic balance, details of which are described later. 

[0092] Fig. 14 shows clearly the dependence of the drop off voltage as a function of the volume of the drop grown at 
the end of the dispensing tip. 
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Test No. 4 

[0093] A volume of droplet 40 nanolitre was chosen with the remainder of the conditions the same as Test No. 3. In 
this test the dependence of the drop off voltage as a function of the distance between the end of the nozzle and a 
conducting plate was tested and the results are given in Fig. 15. 

Test No. 5 

[0094] With the same construction of dispensing assembly as for Test No. 4 and with referring specifically to Fig. 16 
there is illustrated a test assembly indicated generally by the reference numeral 150 incorporating a dispensing assembly 
as illustrated in Fig. 4 and 8. There is provided a substrate 151 below which is mounted a pair of receiving electrodes 
in the form of plates 1 52 and 1 53 which in turn are connected to an electrical circuit indicated generally by the reference 
numeral 154 incorporating a high voltage supply 155 of approximately 5 KV. The separation between the dispensing tip 
and the substrate 151 was 15 mm. Tests were carried out. 

[0095] Fig. 1 7 shows the deviation of a droplet as a function of the potential difference applied to the plates 1 52 and 
153. The potential difference between the plates 153 and 152 is measured in percentage of the potential difference 
between the average of the potentials of 152 and 153 and the nozzle 46. 

[0096] Referring now specifically to Figs. 1 8 and 1 9 there is illustrated an electromagnetic balance for the measurement 
of the mass of droplets dispensed in accordance with the invention. 

[0097] The electromagnetic balance 1 60 comprises a receiving coil 1 61 across which a magnetic field may be applied 
suspended on a fine spring provided by a twisted spring coil 1 62 and powered by a controlled current source 1 63. Lines 
of the magnetic field are schematically indicated with the numeral 169. The receiving coil 161 supports by a balance 
arm 164 carrying a droplet receiving plate 165. A position sensor 166 is provided adjacent the balance arm 164 and is 
connected to a feed back controller 167 which in turn is connected to the controlled current source 163. The position 
sensor 1 66 in one embodiment is a light emitting diode and a photo diode coupled optically. It will be appreciated that 
the torque acting on the receiving coil 161 is proportional to the current carried by the receiving coil 161. 
[0098] To measure the gravity force of a droplet identified by the reference numeral 168 on the receiving plate 165 
when the position sensor 166 senses a deviation of the balance arm 164, the feedback controller 167 signals the 
controlled current source 163 to change the current into the receiving coil 161 until the previous unloaded position is 
attained. Thus the gravity force exerted by the droplet 1 68 is proportional to the change in current in the coil 1 61 , then 
using simple calibration the mass of droplets can be measured directly and accurately. 

[0099] Fig. 19 shows in some more detail the electronic circuit of the electromagnetic balance 160. D1 is the light- 
emitting diode, Q1 is the photodiode. Output J1 supplies the voltage which is dependent on the position of the arm. This 
output is connected to the analogue-to-digital converter and processor controlled feedback circuit for continuous com- 
parison of the actual position of the arm with the preset value. The feedback circuit produces signal proportional to the 
current needed to be supplied to the coil to control the position of the arm. This signal in the form of a voltage is applied 
to the input J2 and the current is taken from the output as marked "Moving Coil" normally the coil 161. 
[0100] As has been shown already the dependence of the breaking voltage is a function of the volume of the droplet 
on the dispensing tip. It becomes important to ascertain exactly when the droplet is released from the dispensing tip. 
Accordingly the invention provides various methods of detection of the separation of a droplet from the dispensing tip. 
Once the electrostatic force causing the drop off to be achieved is known, then the volume of the droplet can be calculated 
within relatively fine limits. 

[01 01 ] Referring to Fig. 20. there is illustrated a detector indicated generally by the reference numeral 1 70, for sensing 
the separation of a droplet from the dispensing tip. Again for illustrative purposes the dispenser 40 of Fig. 2 is illustrated. 
The detector 170 comprises source 171 of electromagnetic radiation, an electromagnetic collector 172 and a controller 
173 connected to the electromagnetic radiation source 171 and collector 172. 

[0102] In this embodiment the electromagnetic radiation source 171 is a laser. There is illustrated a laser beam 174 
emanating from the electromagnetic radiation source 171 and then either being reflected as a further laser beam 175 
to the electromagnetic collector 1 72 or as a beam 1 76 passing straight beyond the dispensing tip 46 when a droplet 58 
is not in position. 

[0103] The term "radiation transmitted" when used in this specification in respect of a droplet covers both reflection 
and refraction. 

[01 04] It will be appreciated that only a fraction of the laser beam 1 74 returns as the beam 1 75 to the electromagnetic 
radiation collector 172. 

[0105] Referring to Fig. 21, there is illustrated another construction of detector arrangement indicated generally by 
the reference numeral 1 80 in which parts similar to those described with reference to Fig. 20 are identified by the same 
reference numerals. In this embodiment 174 is either a refracted beam 181 if the droplet 58 is in position or is simply as 
before the bypassing beam 176. 
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[0106] Referring now to Fig. 22 there is illustrated a slightly different arrangement of the detector illustrated in Fig. 21 
and thus parts similar to those described with reference to the previous drawings are identified by the same reference 
numerals. In this embodiment additional scattered light beams 185 are illustrated as is a modulator 186 and a lock-in 
amplifier 1 87. A signal input to the lock-in amplifier 1 87 is identified by the reference numeral 1 88 and a reference input 
5 signal is identified by the reference numeral 189. 

[0107] Referring now to Fig. 23 there is illustrated a further construction of detector indicated generally by the reference 
numeral 1 90 again used with the dispenser of Fig. 2 and in which parts similar to those described with reference to Figs. 
20 and 21 are identified by the same reference numerals. 

[0108] In this embodiment the electromagnetic radiation source 171 delivers radiation through a fibre-optic cable 191 
to down the nozzle 44. Reference numerals 1 92 and 1 93 show the meniscus of a droplet being formed on the dispensing 
tip 46, namely one forming a flat meniscus 1 92 and the other a curved meniscus 1 93. The beam 1 74 when there is flat 
meniscus 1 92 on the dispensing tip 46 will be delivered through it as the beam 1 94 to the detector 1 72. However when 
the meniscus is a curved meniscus 193, the beam 174 will be delivered as a beam 195 and a further beam 196 away 
from the detector 172. 

15 [0109] Referring now to Fig. 24 there is illustrated a further construction of detector indicated generally by the reference 
numeral 200 in which the parts similar to those described with reference to the previous drawings are identified by the 
same reference numerals. It will be appreciated that in this embodiment the beam 1 74 will always form a reflected beam 
201 once a droplet whether formed or not is present. The reflected beam will vary in intensity. Thus there will be a 
variation detected at the detector 1 72. It will be appreciated that an optical coupler will need to be installed between the 

20 electromagnetic radiation source 1 71 and the collector 1 72 on one side and also in the fibre-optic guide 1 91 on the other. 
[01 1 0] It will be appreciated that in certain embodiments of the invention it will be necessary to calibrate the dispensing 
assembly for each new liquid or reagent handled since as explained above the volume dispensed depends on the 
properties of the liquid and especially on the viscosity thereof. Therefore each time a new liquid of unknown properties 
is to be dispensed, the dispenser should be calibrated. As explained above the use of an electromagnetic balance as 

25 described herein would be particularly suitable. Further as has been explained already, the drop off voltage is a function 
of the volume of the droplet, and over a substantial range of volumes it is effectively a monotonous function. That is to 
say the smaller the volume of the drop, the greater it is the drop off voltage for a given diameter of the nozzle and a 
given fluid. As was shown already with reference to Fig. 14 this is monotonous for a range of some 40 nl to well over 
one microlitre for water. Further, the range of volumes in which the function is monotonous can be adjusted by changing 

30 the bore of the nozzle. Therefore, by varying the voltage and monitoring the moment when the droplet is detached from 
the dispensing tip, one can ascertain clearly the volume of the droplet. Monitoring the moment of the drop off is a much 
simpler task than the one of complex measurement of the drop volume in flight. However, as will be explained later this 
can also be done. 

[0111] As explained already one method for the direct measurement of the volume of the drop which is not based on 
35 the detection of the separation of the droplet from the dispensing tip would be to measure the charge of the droplet as 
will be described thereinafter. It is proposed in the present invention to use a Faraday Pail in conjunction with the present 
invention. 

[0112] Faraday Pails are well known and are described in many published documents (see for example Industrial 
Electrostatics by D.M. Taylor and P. E. Seeker, Research Studies Press, 1 994 ISBN 0-471 -0523333-8) and Electrostatics: 

^0 Principles, Problems and Applications by J. Cross, Adam Hilger ISBN 0-85274-589-3). Essentially, the Faraday Pail 
consists of an outer shield and an inner conductive box or chamber. The shield and chamber are well insulated from 
each other and indeed it is advantageous to keep the outside shield and the chamber at the same potential. In this 
situation, a charged droplet arriving at the chamber induces the same charge with opposite sign at the surface of the 
chamber. This charge is created by the current flowing from inside to outside which can be easily measured by a charge 

45 measurement circuit. Generally, the dispenser and hence the nozzle will be maintained at a relatively high voltage, and 
the shield and chamber connected to ground potential, as will be described hereinafter, the charge can be measured 
without catching the droplet in the pail. Thus charged droplets will progress through the induced charge detector which 
is effectively the function of the Faraday Pail. 



50 Test No. 6 



[01 13] Faraday Pail is at ground potential 

[01 1 4] Dispensing tip is at the potential 2KV to 4KV. 

[01 15] Distance to Faraday Pail is 1 7mm 

55 [01 16] Rest of dispensing assembly as Test No. 1 . 

[0117] Activation Phases 
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Phase 1 
Phase 2 
Phase 3 
Phase 4 



0.3ms 
105ms 



0.2ms 



0.3ms 



[01 18] Fig. 25 illustrates that the charge is directly related 



to the volume of the droplet. 



Test No. 7 



[01 19] A further test was carried out without the use of the pail at ground potential All the conditions remain the same 
as in Test No. 6. 

[0120] Fig. 26 shows the results obtained from this test again the charge is directly related to the volume of the droplet. 

[0121] Referring now to Figs. 27 and 28 there is shown typical signal detection traces from the Faraday Pail. In Fig. 

27 there is shown a change in the output voltage of a charge amplified as a result of the charge of approximately 3*1 0 _1 1 C 

and it is easy to calculate the volume of the drop from the calibration curve of Fig. 25, 26. 

[0122] Fig. 28 shows the zoom in to indicate the extent of the noise and sensitivity of the system. 

[0123] Referring now the Fig. 29 there is illustrated the electronic circuit of the amplifier measuring the charge in the 

Faraday Pail. The two inputs of the amplifier are connected to the chamber and the shield of the Faraday Pail, respectively. 

The relay is added to the circuit to prevent damage to the amplifier by electrostatic charge when the circuit is idle. By 

deactivating relay the two inputs are connected together and they are also connected to the output voltage of OPA1 1 1 

to bypass the storage capacitor C1 . It is advantageous to have the storage capacitor C1 having a value of capacitance 

much greater than the capacitance between the chamber and the shield of the Faraday Pail. 

[0124] Referring now to Fig. 30 there is illustrated the use of a Faraday Pail indicated generally by the reference 
numeral 210 for use in a dispensing assembly similar to that described with reference to the Figure 10 above. In this 
embodiment a high voltage source 211 is connected to the nozzle 44. The Faraday Pail 210 comprises of an inner 
chamber 212 and an outer shield 213 connected to a controller 21 4 in the form of a charge amplifier. In use samples of 
droplets are taken and an average for droplet volume and mass is calculated. 

[0125] To measure some parameters of a dispensed droplet (charge, mass) a contactless method is implemented. 
This method is based on the Faraday Pail principle. 

[0126] In a conventional Faraday Pail as described in the disclosure a droplet reaches the bottom of the inner chamber 
and sticks to it. An output signal of the charge amplifier will be a step-like function. The height of the step indicates the 
value of the arrived charge. 

[0127] It is important to emphasise that it is not necessary for the droplet to contact the inner chamber at all. The 
charge measured can be created by induction. Putting the charge inside the Faraday Pail induces charge on the inner 
chamber, and removing the charge from it cancels the induced charge. 

[0128] When the droplet passes the bottomless Faraday Pail, the charge amplifier will create only a short pulse at its 
output. The rising edge of this pulse will correspond to the arrival of the charge in the chamber while a falling edge 
corresponds to the charge leaving. 

[0129] The width of this pulse is proportional to the time of the droplet flight through the pail and therefore inversely 
proportional to the speed of droplet. 

[0130] The height of the pulse peak is proportional to the charge of droplet. 

[0131] From these parameters we can obtain value of the droplet's charge on the flight as well as the speed of the 
droplet accelerated by electric field after it left the tip. 

[0132] Information about the voltage between the tip and the Pail, charge and speed of droplet provides an estimate 
of the charge-to-mass ratio for the flying droplet. Droplets with different charge to mass ratios will have different accel- 
eration and final speed in viscose air, which can be detected by the pail. This means that charge-to-mass ratio can be 
estimated if the applied voltage and the final speed of droplet are both known. Dividing the droplet charge by its charge- 
to-mass ratio gives mass of droplet. The speed of the droplet and the calculation of its mass from the calculated charge 
to mass ratio can be achieved. 

[0133] Referring now to Fig. 31 there is illustrated a further construction of Faraday Pail indicated generally by the 
reference numeral 220 having an inner chamber 221 an outer shield 222 and a charge amplifier circuit forming a controller 
223. 

[0134] In this embodiment the drop off voltage is determined by the potential difference between the shield 222 and 
the dispensing tip 46 of the nozzle 44. 

[0135] Referring now to Figs. 32(a) and 32(b), there is illustrated an alternative construction of dispenser indicated 
generally by the reference numeral 230 substantially similar to the dispenser illustrated with reference to Fig. 6 and thus 
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the same parts are identified by the same reference numerals. In this embodiment there is illustrated a valve boss 231 
still of substantially axially symmetrical shape having a plurality of circumferentially arranged cut-out slots 232 forming 
circumferentially arranged fins 233. As can be seen in use the fins operate to force the liquid down towards the valve seat 43 
[0136] The dispenser disclosed in fig. 33 to fig. 38 does not form part of the invention. 

[01 37] Referring to Figs. 33 to 35 inclusive there is illustrated an alternative construction of dispenser indicated generally 
by the reference numeral 240 substantially similar to the dispenser 70 illustrated in Fig. 5 and thus the same reference 
numerals are used to identify the same or similar parts. 

In this embodiment there is provided a spherical valve boss 241 of a soft magnetic material. The dispenser 41 is mounted 
between an upper coil 242 and a lower coil 243, each wrapped around a core of soft magnetic material 244 and 245 
respectively. This construction is particularly advantageous in that it allows removing the dispenser 41 while keeping 
the source of the gradient magnetic field in place. This is particularly advantageous for replacing contaminated dispensers. 
[0138] Referring now to Figs. 36-38 inclusive there is illustrated an alternative construction of dispenser indicated 
generally by the reference numeral 250 in which parts similar to those described with reference to Fig. 33 to 35 inclusive 
are identified by the same reference numerals. 

[0139] In this embodiment there is provided a separate valve boss actuating assembly indicated generally by the 
reference numeral 251 . In this embodiment the dispenser 250 incorporates a spherical valve boss 252 of a soft magnetic 
material. The actuating assembly 251 comprises a permanent magnet 253 mounted in a nozzle embracing U shaped 
sleeve 254 movable up and down relative to the body member 41 by a pneumatic ram of which only a plunger 255 is 
shown connected to the sleeve 254. 

[0140] Preferably the dispenser in so far as it comprises the elongate body member the valve seat and nozzle can be 
manufactured from a suitable polymer material by micro machining or indeed any standard polymer mass production 
technique such as injection moulding. The purpose of this is to provide a disposable dispenser. The body of the dispenser 
could be also manufactured of other materials such as steel. 

[0141] The valve boss as will be appreciated from the description above can be cylindrical, spherical or indeed a body 
of any geometric shape made from magnetic material for example iron, ferrite or NdFeB. It is preferably coated with a 
polymer or inert layer of another material to prevent chemical reaction between the boss and the liquid dispensed. In 
order to obtain a good seal with the valve seat, the valve boss may need to be coated with a specially selected soft 
polymer such as chemically inert rubber. The choice of the materials for the coating on the boss depends on the 
requirements of the liquids which must be handled by the dispenser. The most likely materials include fluoroelastomers 
such as VITON, perfluoroelastomers such as KALREZ and ZALAK and for less demanding applications, materials with 
lower cost could be considered such as NITRILE. TEFLON (PTFE) could be used in conjunction with chemically ag- 
gressive liquids. VITON, KALREZ, TEFLON and ZALAK are Du Pont registered trademarks. 

[0142] The valve boss may be made of magnetic material bonded in a flexible polymer. These materials can have 
either hard or soft magnetic properties as required. The specific choice of material will be determined by the cost- 
performance considerations. Materials of families FX, FXSC, FXND manufactured by Kane Magnetics are suitable. 
Other materials such as magnetic rubbers can be also used. Making the boss of a mechanically soft material can improve 
the performance of the seal. 

[0143] It is envisaged that the dispenser may be operational in either active or passive mode. In the active mode the 
valve is actuated to make an openclose circuit for each dispensation and aspiration. In this mode the dispenser is 
connected to a vacuum/pressure alignment as for example illustrated in Fig. 2 above. In the passive mode the dispenser 
is connected to a syringe pump as illustrated in Fig. 4. 

[01 44] It is important to note that in a preferred embodiment according to the invention, the valve boss is made of hard 
magnetic material, i.e. a material having a well-defined direction of magnetisation even in the absence of any external 
magnetic field. In a conventional solenoid valve, the plunger is usually made of soft magnetic material such as iron or 
iron-nickel alloy. This material has no significant magnetisation in the absence of an external magnetic field. In a preferred 
configuration the valve boss is a cylinder with the axisymmetrical magnetisation for instance in direction along its axis. 
The dispenser could also operate with a boss of soft magnetic material. However, its performance has been found to 
be not as good for dispensing the minute volumes such as 1 00 nl and smaller, because the force which can be exerted 
on the valve boss by a current coil is much smaller. A smaller force means that the valve boss moves slowly and the 
accuracy of the dispensing is reduced. Also, by using a boss of hard magnetic material it is possible to avoid the use of 
two coils and to use only one. In order to close the valve all that is required is to reverse the direction of the current in 
the coil. If the boss is made of a soft magnetic material then two coils need to be used; one to open the valve and the 
other to dose it. 

[0145] In practice, with the present invention the dispenser can dispense volumes as small as 50 nl without any 
electrostatic field if the pressure in the line is as high as 10 Bar. It is often advantageous to decrease the pressure in 
the line connected to the dispenser. The dispensing assembly operating at a low pressure has considerable advantages. 
The connection requirements for the pneumatic components are less stringent. Normally it is desirable to use a basic 
push fit connector in robotic dispensers for these applications. The invention when used at reduced pressures allows 
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using a simple push-fit connection between the dispenser and the pressure line, which is a desirable feature of the 
dispenser. 

[0146] Further at lower pressures the drops are ejected with a lower speed which reduces the chances of splashing 
as the drop touches the substrate or the well plate. High pressure in the line may result in gases dissolved in the liquids 
5 dispensed. This is not acceptable for many biological applications. The gas dissolved in the liquid dispensed can also 
result in small air bubbles at the nozzle, which make its operation unreliable. 

[0147] However, reducing pressure in the line compromises the ability of the dispenser to dispense small drops. The 
drops grow on the nozzle tip but do not get detached from it and electrostatic drop off is required. 
[01 48] Essentially, the technique comprises firstly opening the valve of the dispenser to allow a droplet of the desired 
to size to grow on the dispensing tip. The valve is then closed and subsequently a strong electrostatic field is generated 
between the dispensing tip and the substrate on which the droplet is to be deposited. As the value of the field increases 
from the initial zero to a final preset value at some stage it will exceed a critical value which will cause the drop off of 
the droplet. 

[0149] The dispenser can also be used with the valve continuously open. In this case the fluid from the dispensing tip 
15 is ejected as a jet. The flow of the jet is determined by the pressure in the line connected to the dispenser and where 
present the value of the electrostatic field at the nozzle. The jet may split into droplets partly due to the electrostatic 
repulsion between the charged parts of the jet. 

[0150] With a further miniaturisation of the substrate targets, it becomes increasingly difficult to ensure that the drop 
reaches the correct destination as it is ejected from a liquid handling system. For applications such as high-density 
20 arrays, the size between the subsequent drops covering the substrate, herein called pitch, could be as small as 0.1 mm. 
In this invention there are two different means of controlling the destination of the drop, both are based on the electrostatic 
forces acting on the drop as it travels between the nozzle and the well. 

[01 51 ] The first way is to generate the electrostatic field with a small charged receiving electrode positioned underneath 
the well instead of a large conducting plate. The size of the electrode is smaller than the size of the well for accurate 

25 navigation. It may be advantageous as described above to have the receiving electrode in the shape of a tip to produce 
the strongest electric field at the centre of a destination well. The electrode produces a strong electric field underneath 
the well attracting the drop to the required destination position (usually the centre of the well). The receiving electrode 
may be attached to an arm of a positioner capable of moving it underneath the well plate and pointing to the correct 
destination well. Alternatively, the sample well plate may be repositioned above the receiving electrode in order to target 

30 a different well. It may be necessary to move the dispensing tip and receiving electrode synchronously. It may be 
advantageous to have a module with a number of receiving electrodes which could be connected to the high voltage 
supply independently. The distance between the electrodes could be the same as the distance between the centres of 
the wells in a well plate. In this case the drops could be navigated to different wells without actually moving the dispenser 
or the receiving electrode. 

35 [0152] In an arrangement described above deflection electrodes are positioned along the path between the nozzle 
and the destination well. The electrodes are charged by means of a high voltage applied to them. As the drops leaving 
the dispensing tip are charged by the voltage between the dispensing tip and the receiving electrode, they will be deflected 
by the deflection electrodes. 

It is important to realise that during the electrostatic drop off, the electrostatic force acting on the drop could much greater 
40 than the gravity force. In this case as the drop flies between the nozzle and the substrate, the direction of the path is 
determined by the direction of the electrostatic field. 

[01 53] While it is explained above in many instances necessary to calibrate the dispenser for each new liquid because 
the volume dispensed depends on the properties of the liquid and of the nozzle, in certain instances this is not required 
as has been explained above. 

45 [0154] In the present invention we also envisage, as described above, the monitoring of the droplet in flight. It is 
important in many instances to be absolutely certain that the droplet was actually dispensed and ideally also to ascertain 
the volume of the droplet and this has been described in considerable detail above. Also it must be noted that the present 
invention proposes a method for the direct measurements of volume of the droplet which is not based on the detection 
or the timing of the drop-off but on direct measurement of the charge on the droplet. 

50 [0155] It has been found particularly advantageous to separate the actuation of the dispenser into distinct phases. 
The first phase is accelerating the valve boss fast from the initial position when the valve is closed by sending a short 
pulse of a large current through the coil or coils. In the case of one dispenser manufactured in accordance with the 
invention, the duration of the first phase is typically in the range of 0.2 to 0.5ms. The second phase is maintaining the 
valve in the open position and during this phase, the current in the coil is considerably reduced. The duration of the 

55 second phase mainly determines the volume of the droplet dispensed as demonstrated above. In dispensing assemblies 
manufactured in accordance with the present invention the duration of the second phase of some 0.1 to 5ms would 
result in the volume of the droplets dispensed being in the range of 100 nl to some few microlitres. The third phase is 
closing the valve with a short pulse of a high current. In the case of a specific dispenser constructed the duration of the 
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third phase was typically in the range of some 0.2 to 0.4ms. The fourth phase is maintaining the valve in the closed 
position, i.e. holding the boss against the seal for the duration between cycles. The value of the current during the fourth 
phase was typically in the range of some 20% of the peak current supplied through the coil/coils during the first and third 
phases. Such a separation is advantageous as it allows getting the highest value of the actuating force from the coil or 
coils. Driving a large current through a coil or coils over an extended length of time may cause overheating with a 
detrimental effect. However, during a short pulse, a much higher current value is acceptable. A much higher current 
resulting in much higher actuating force is particularly suitable for dispensing of droplets of submicrolitre volumes. 
[0156] A similar separation into separate phases can be advantageous during the aspiration of the liquids. 
[01 57] It will also be appreciated in accordance with the present invention that it does not rely on a positive displacement 
pump nor indeed does it rely on the conventional normal construction of solenoid valve. At the same time the present 
invention can, as shown above, be applied with advantage to positive displacement pump assemblies. The essential 
point then is that the positive displacement pump operates as a source of pressure difference, not as a metering device. 
There is no mechanical connection between the valve boss and other parts of the dispenser, similarly there is no 
mechanically actuated means involved or a spring for closing a valve boss. There is virtually zero dead volume in the 
apparatus according to the present invention which increases the accuracy particularly where smaller volumes are 
required. By having the dispenser separate from the actuating coils etc., it is possible to produce a very low cost dispenser 
which can be easily and rapidly removed thus avoiding cost and cross contamination problems. There is thus great 
disposability with the present invention. It is also advantageous that the present invention can work at both high and low 
pressures. 

[0158] In the specification the terms "comprise, comprises, comprised and comprising" or any variation thereof and 
the terms "include, includes, included and including" or any variation thereof are considered to be totally interchangeable 
and they should all be afforded the widest possible interpretation and vice versa. 



Claims 

1 . A dispensing assembly for liquid droplets of the type comprising: 

a metering valve dispenser (90) comprising an elongate body member (41 ) having a main bore (42) terminating 
in a valve seat (43) forming an entrance to a nozzle (44), the nozzle (44) having a nozzle bore (45) terminating 
in a dispensing tip (46), 

a valve boss (91 ) of hard magnetic material housed in the body member (41 ), the cross sectional area of which 
is sufficiently less than that of the main bore (42) to permit the free passage of liquid therebetween, and bypassing 
the valve boss (91 ), 

a separate valve boss actuating assembly (50, 51) adjacent the body member, and 

delivery means (21 ) comprising a separate pressurized liquid delivery source (22) for moving pressurized liquid 
to the dispenser (90) through a liquid carrying pipe, 

characterized in that the floating valve boss (91) is an elongate valve boss (91) for limited movement out of 
line with the main bore (42) and is magnetized along its longitudinal axis. 

2. A dispensing assembly as claimed in claim 1 in which the valve boss (91 ) is covered with a layer of soft polymer (48). 

3. A dispensing assembly as claimed in any preceding claim in which the valve boss (91) is manufactured from a 
flexible polymer bonded magnetic material. 

4. A dispensing assemble as claimed in any preceding claim in which the valve boss actuating assembly is an electrical 
coil (50,51) surrounding the body member (41). 

5. A dispensing assembly as claimed in claim 4 in which the actuating coil assembly comprises two separate sets of 
coils (50,51) for moving the valve boss (47) in opposite directions within the body member (41). 

6. A dispensing assembly as claimed in claim 5 in which the actuating coil assembly comprises a source of electrical 
power and a controller (25) for varying the current over time as each droplet is being dispensed. 

7. A dispensing assembly as claimed in any of claims 1 to 3 in which the valve boss actuating assembly (250) comprises 
a permanent magnet (253) and means (255) for moving the magnet along the elongate body member (41) towards 
and away from the valve seat (43) 
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8. A dispensing assembly as claimed in claim 7 in which the magnet (253) is substantially U shaped to embrace the 
body member (41) 

9. A dispensing assembly as claimed in any of claims 1 to 3 in which valve actuating assembly (240) comprises a pair 
of spaced apart magnetizing assemblies each comprising a coil (242 and 243) wrapped around a core (244 and 
245) of sift magnetic material. 

10. A dispensing assembly as claimed in claim 9 in which the core (244, 245) is substantially U shaped to embrace the 
body member. 

11. A dispensing assembly as claimed in any preceding claim in which the valve boss (47) is a cylindrical plug (91). 

12. A dispensing assembly as claimed in claim 11 in which the cylindrical plug has radially extending circumferential 
fins (233) whereby on movement of the boss towards the valve seat liquid is urged into the nozzle bore and onto the tip. 

13. A dispensing assembly as claimed in any preceding claim in which the body member (41) and the nozzle (45) form 
the one integral moulding of plastics material. 

14. A dispensing assembly as claimed in any of claims 1 to 12 in which the body member (41 ) and nozzle (44) are made 
from stainless steel. 

15. A dispensing assembly as claimed in any preceding claim comprising; 
an electrode incorporated in the dispensing tip (8); 

a separate receiving electrode (123) remote from the tip (8); and 

a high voltage source (125) connected to one of the electrodes to provide an electrostatic field therebetween to 
cause detachment of a droplet formed on the dispensing tip (8). 

1 6. A dispensing assembly as claimed in claim 1 5 in which the receiving electrode (1 23) is below the dispensing tip (8). 

1 7. A dispensing assembly as claimed in claim 1 5 or 1 6 in which a droplet receiving substrate (21 ) is mounted between 
the receiving electrode (123) and the dispenser tip (8). 

18. A dispensing assembly as claimed in claim 15 or 16 in which a droplet receiving substrate is mounted below the 
receiving electrode, the receiving electrode having at least one hole for the droplet to pass through to the receiving 
substrate (121). 

1 9. A dispensing assembly as claimed in claim 1 7 or 1 8 in which there is a plurality of receiving electrodes (1 31 ) at least 
one of which is activated at any time. 

20. A dispensing assembly as claimed in any of claims 1 5 to 1 9 in which synchronous indexing means (1 24) are provided 
for the dispenser (40) and the receiving electrode (131) for accurate deployment of droplets on the substrate (121 ). 

21. A dispensing assembly as claimed in any of claims 15 to 20 in which there is more than one receiving electrode 
forming droplet deflection electrodes (141,142) which are mounted below the dispensing tip (8) and above the 
droplets receiving substrate (121) and in which the high voltage source (125) has control means to vary the voltage 
applied to the deflection electrodes. 

22. A dispensing assembly as claimed in any preceding claim comprising a detector (170) for sensing the separation 
of the droplet from the dispensing tip. 

23. A dispensing assembly as claimed in claim 22 in which the detector (170) comprises: 

a source (171) of electromagnetic radiation; 

means for focussing the radiation on the end of the dispensing tip; and 

means for collecting (1 72) the radiation transmitted by a droplet on the dispensing tip. 

24. A dispensing assembly as claimed in claim 23 in which the source of radiation (1 71 ) is mounted within the dispenser 
nozzle. 
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25. A dispensing assembly as claimed in any of claims 15 to 21 in which means are provided for measuring the charge 
of the droplet. 

26. A dispensing assembly as claimed in claim 25 comprising a Faraday Pail (210). 

27. A dispensing assembly as claimed in claim 25 comprising a bottomless Faraday Pail (220). 

28. A method of dispensing a droplet having a volume less than ten micro litres (1 OjulI) from a pressurised liquid delivery 
source through a metering valve dispenser comprising an elongate body member having a main bore communicating 
through a valve seat with a nozzle having a nozzle bore terminating in a dispensing tip, a separate elongate floating 
valve boss of hard magnetic material housed in the body member for limited movement out of line with the main 
bore and which is magnetized along its longitudinal axis, the cross sectional area of the elongate floating valve boss 
is sufficiently less than that of the main bore to permit the free passage of liquid therebetween thus bypassing the 
valve boss; and aseparate valve boss actuating coil assembly surrounding the body member, comprising the steps of: 

delivering the pressurised liquid to the dispenser; 

opening the valve by actuating the coil assembly for a preset time to deliver liquid around the valve boss into 
the nozzle bore; and 

closing the valve as the droplet falls off; wherein the step is performed, on the valve being shut off, of generating 
a pulse of current at a receiving electrode remote from the dispensing tip to generate an electrostatic field to 
cause an electrostatic potential between the droplet and the receiving electrode to detach it from the dispensing 
tip. 

29. A method as claimed in claim 28 in which the liquid is pressurised at less than four bar. 

30. A method as claimed in claim 28 or 29 in which the liquid is pressurised to less than two bar. 

31 . A method as claimed in any of claims 28 to 30 in which the receiving electrode is mounted beneath a droplet receiving 
substrate between it and the nozzle. 

32. A method as claimed in any of claims 28 to 30 in which the receiving electrode is mounted between a droplet 
receiving substrate and the nozzle. 

33. A method as claimed in claim 31 or 32 in which the receiving electrode is moved after each droplet is dispensed to 
direct the next droplet to another position on the substrate. 

34. A method as claimed in any of claims 28 to 33 in which spaced apart deflection electrodes are placed between the 
dispensing tip and a droplet receiving substrate and the electrodes are differentially charged to cause the droplet 
to move laterally as it drops from the dispensing trip. 

35. A method as claimed in any of claims 28 to 34 comprising the steps of: 

measuring the volume of a droplet of a particular liquid for different drop off voltages; 
storing a database of the measurements; 

recording the drop off voltage when a droplet detaches from the dispensing tip; and 
retrieving the volume from the database. 

36. A method as claimed in claim 35 in which the drop off voltage is measured by a Faraday Pail. 

37. A method as claimed in claim 35 in which recording of the drop-off of a droplet includes the steps of: 

directing an electromagnetic beam from a source of electromagnetic radiation at the droplet as it forms at the 
tip; and 

monitoring the electromagnetic radiation coupled by the droplet at a collector remote from the droplet. 

38. A method as claimed in claim 37 in which a light beam is the source of electromagnetic radiation and the amount 
of light reflected and/or refracted by the droplet is monitored. 
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39. A method a claimed in any of claims 28 to 34 in which the steps are performed of: 

measuring the charge of droplets of a particular liquid for different volumes of droplets; 
storing a database of the measurements; 
recording the charge on each droplet; and 
retrieving the volumes from the database. 

40. A method as claimed in claim 39 of: 

measuring the width of the voltage pulse in the Faraday pail; 

determining the time taken for the droplet to pass through the pail; 

deriving the speed of the droplet from the time taken to pass through the pail; and 

calculating the mass of the droplet from the charge to mass ratio. 



Patentanspruche 

1. Ausgabeanordnung fur Flussigkeitstropfchen des Folgendes umfassenden Typs: 

einen Dosierventilspender (90), der ein langliches Korperelement (41) mit einer Hauptbohrung (42) umfasst, 
die in einem einen Eingang zu einer Duse (44) bildenden Ventilsitz (43) endet, wobei die Duse (44) eine in einer 
Ausgabespitze (46) endende Dusenbohrung (45) hat, 

ein in dem Korperelement (41 ) untergebrachtes Ventilelement (91 ) aus hartem magnetischem Material, dessen 

Querschnittsflache ausreichend kleiner als die der Hauptbohrung (42) ist, um das freie Hindurchstromen von 

Flussigkeit dazwischen und das Umgehen des Ventilelements (91) zu gestatten, 

eine separate Ventilelementbetatigungsanordnung (50, 51) neben dem Korperelement und 

eine Fordereinrichtung (21), die eine separate Druckflussigkeitsforderquelle (22) zum Bewegen von Druckflus- 

sigkeit durch ein Flussigkeit fuhrendes Rohr zu dem Spender (90) umfasst, 

dadurch gekennzeichnet, dass das schwimmende Ventilelement ein langliches Ventilelement (91) fur be- 
grenzte nicht mit der Hauptbohrung (42) fluchtende Bewegung ist und entlang seiner Langsachse magnetisiert 
ist. 

2. Ausgabeanordnung nach Anspruch 1 , bei der das Ventilelement (91 ) mit einer Schicht aus weichem Polymer (48) 
uberzogen ist. 

3. Ausgabeanordnung nach einem der vorhergehenden Anspruche, bei der das Ventilelement (91) aus einem mit 
Polymer gebundenen elastischen magnetischen Material gefertigt ist. 

4. Ausgabeanordnung nach einem der vorhergehenden Anspruche, bei der die Ventilelementbetatigungsanordnung 
eine das Korperelement (41) umgebende elektrische Spule (50, 51) ist. 

5. Ausgabeanordnung nach Anspruch 4, bei der die Betatigungsspulenanordnung zwei separate Spulensatze (50, 51 ) 
zum Bewegen des Ventilelements (47) in entgegengesetzte Richtungen in dem Korperelement (41) umfasst. 

6. Ausgabeanordnung nach Anspruch 5, bei der die Betatigungsspulenanordnung eine Quelle elektrischer Energie 
und eine Steuervorrichtung (25) zum Variieren des Stroms mit der Zeit beim Ausgeben jedes Tropfchens umfasst. 

7. Ausgabeanordnung nach einem der Anspruche 1 bis 3, bei der die Ventilelementbetatigungsanordnung (250) einen 
Permanentmagnet (253) und Mittel (255) zum Bewegen des Magneten entlang dem langlichen Korperelement (41) 
zum Ventilsitz (43) hin und von ihm weg umfasst. 

8. Ausgabeanordnung nach Anspruch 7, bei der der Magnet (253) im Wesentlichen U-formig ist, um das Korperelement 
(41) zu umfassen. 

9. Ausgabeanordnung nach einem der Anspruche 1 bis 3, bei der die Ventilbetatigungsanordnung (240) ein Paar 
voneinander beabstandeter Magnetisierungsbaugruppen umfasst, die jeweils eine um einen Kern (244 und 245) 
aus weichem Magnetmaterial gewickelte Spule (242 und 243) umfassen. 
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10. Ausgabeanordnung nach Anspruch 9, bei der der Kern (244, 245) im Wesentlichen U-formig ist, um das Korper- 
element zu umfassen. 

11. Ausgabeanordnung nach einem der vorhergehenden Anspruche, bei der das Ventilelement (47) ein zylindrischer 
StoGel (91) ist. 

12. Ausgabeanordnung nach Anspruch 11, bei der der zylindrische StoGel radial verlaufende Umfangsrippen (233) hat, 
wodurch bei Bewegung des Elements in Richtung auf den Ventilsitz Flussigkeit in die Dusenbohrung und auf die 
Spitze gedrangt wird. 

1 3. Ausgabeanordnung nach einem der vorhergehenden Anspruche, bei der das Korperelement (41 ) und die Duse (45) 
das eine einstuckige Formteil aus Kunststoffm ate rial bilden. 

14. Ausgabeanordnung nach einem der Anspruche 1 bis 12, bei der das Korperelement (41) und die Duse (44) aus 
nichtrostendem Stahl hergestellt sind. 

15. Ausgabeanordnung nach einem der vorhergehenden Anspruche, die Folgendes umfasst: 

eine in die Ausgabespitze (8) integrierte Elektrode; 

eine von der Spitze (8) feme separate Aufnahmeelektrode (123) und 

eine Hochspannungsquelle (125), die mit einer der Elektroden verbunden ist, um dazwischen ein elektrostati- 
sches Feld zu erzeugen, um das Ablosen eines an der Ausgabespitze (8) gebildeten Tropfchens zu verursachen. 

16. Ausgabeanordnung nach Anspruch 15, bei der sich die Aufnahmeelektrode (123) unterhalb der Ausgabespitze (8) 
befindet. 

1 7. Ausgabeanordnung nach Anspruch 1 5 oder 1 6, bei der ein Tropfchenaufnahmesubstrat (21 ) zwischen der Aufnah- 
meelektrode (123) und der Ausgabespitze (9) angebracht ist. 

18. Ausgabevorrichtung nach Anspruch 15 oder 16, bei der ein Tropfchenaufnahmesubstrat unterhalb der Aufnahme- 
elektrode angebracht ist, wobei die Aufnahmeelektrode wenigstens ein Loch hat, durch das das Tropfchen zu dem 
Aufnahmesubstrat (121) passieren kann. 

19. Ausgabeanordnung nach Anspruch 17 oder 18, bei der es eine Mehrzahl von Aufnahmeelektroden (131) gibt, von 
denen stets jeweils wenigstens eine aktiviert ist. 

20. Ausgabeanordnung nach einem der Anspruche 15 bis 19, bei der fur genaues Ablegen der Tropfchen auf dem 
Substrat (121) Synchron-Teilbewegungsmittel (1 24) fur den Spender (40) und die Aufnahmeelektrode (131 ) bereit- 
gestellt sind. 

21. Ausgabeanordnung nach einem der Anspruche 15 bis 20, bei der es mehr als eine Aufnahmeelektrode gibt, die 
Tropfchenablenkungselektroden (141, 142) bilden, die unterhalb der Ausgabespitze (8) und oberhalb des Tropfen- 
aufnahmesubstrats (121) angebracht sind, und bei der die Hochspannungsquelle (1 25) Steuermittel zum Variieren 
der an die Ablenkungselektroden angelegten Spannung hat. 

22. Ausgabeanordnung nach einem der vorhergehenden Anspruche, die einen Detektor (1 70) zum Erfassen der Tren- 
nung des Tropfchens von der Ausgabespitze umfasst. 

23. Ausgabeanordnung nach Anspruch 22, bei der der Detektor (170) Folgendes umfasst: 

eine Quelle (171) elektromagnetischer Strahlung; 

Mittel zum Bundeln der Strahlen auf das Ende der Ausgabespitze und 

Mittel zum Sammeln (172) der von einem Tropfen an der Ausgabespitze trans mittierten Strahlen. 

24. Ausgabeanordnung nach Anspruch 23, bei der die Strahlungsquelle (171) in der Spenderduse montiert ist. 

25. Ausgabeanordnung nach einem der Anspruche 15 bis 21, bei der Mittel zum Messen der Ladung des Tropfchens 
bereitgestellt sind. 
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26. Ausgabeanordnung nach Anspruch 25, die einen Faradaybecher (210) umfasst. 

27. Ausgabeanordnung nach Anspruch 25, die einen bodenlosen Faradaybecher (220) umfasst. 

5 28. Verfahren zum Ausgeben eines Tropfchens mit einem Volumen von weniger als zehn Mikrolitern (10 julI) aus einer 
Druckflussigkeitsforderquelle durch einen Dosierventilspender, der ein langliches Korperelement mit einer Haupt- 
bohrung, die durch einen Ventilsitz mit einer Duse kommuniziert, die eine in einer Ausgabespitze endende Dusen- 
bohrung hat, ein separates langliches schwimmendes Ventilelement aus hartem magnetischem Material, das in 
dem Korperelement fur begrenzte nicht mit der Hauptbohrung fluchtende Bewegung untergebracht ist und entlang 

to seiner Langsachse magnetisiert ist, wobei die Querschnittsflache des langlichen schwimmenden Ventilelements 

ausreichend kleiner als die der Hauptbohrung ist, urn das freie Hindurchstromen von Flussigkeit dazwischen zu 
gestatten, sodass das Ventilelement umgangen wird; und eine das Korperelement umgebende separate Ventilele- 
mentbetatigungsspulenanordnung umfasst, umfassend die folgenden Schritte: 

15 Fordern der Druckflussigkeit zu dem Spender; 

Offnen des Ventils durch Betatigen der Spulenanordnung fur eine voreingestellte Zeit, urn Flussigkeit urn das 
Ventilelement herum in die Dusenbohrung zu fordern; und 

SchlieGendes Ventils beim AbtropfendesTropfchens, wobei beim Sperren des Ventils der Schrittdes Erzeugens 
eines Stromimpulses an einer von der Ausgabespitze fernen Aufnahmeelektrode durchgefuhrt wird, urn ein 
20 elektrostatisches Feld zu erzeugen, urn ein elektrostatisches Potential zwischen dem Tropfchen und der Auf- 

nahmeelektrode zu verursachen, urn es von der Ausgabespitze abzulosen. 

29. Verfahren nach Anspruch 28, bei dem die Flussigkeit einen Druck von weniger als vier Bar hat. 

25 30. Verfahren nach Anspruch 28 oder 29, bei dem die Flussigkeit einen Druck von weniger als zwei Bar hat. 

31 . Verfahren nach einem der Anspruche 28 bis 30, bei dem die Aufnahmeelektrode unterhalb eines Tropfchenaufnah- 
mesubstrats zwischen ihm und der Duse angebracht ist. 

30 32. Verfahren nach einem der Anspruche 28 bis 30, bei dem die Aufnahmeelektrode zwischen einem Tropfchenauf- 
nahmesubstrat und der Duse angebracht ist. 

33. Verfahren nach Anspruch 31 oder 32, bei dem die Aufnahmeelektrode bewegt wird, nachdem jedes Tropfchen 
ausgegeben worden ist, urn das nachste Tropfchen auf eine andere Position auf dem Substrat zu richten. 

35 

34. Verfahren nach einem der Anspruche 28 bis 33, bei dem voneinander beabstandete Ablenkungselektroden zwischen 
der Ausgabespitze und einem Tropfchenaufnahmesubstrat angeordnet sind und die Elektroden differentielle La- 
dungen haben, umzu verursachen, dass das Tropfchen sich beim Abtropfen von der Ausgabespitze seitlich bewegt. 

40 35. Verfahren nach einem der Anspruche 28 bis 34, das die folgenden Schritte umfasst: 

Messen des Volumens eines Tropfchens einer bestimmten Flussigkeit fur unterschiedliche Abtropfspannungen; 
Speichern einer Datenbankder Messungen; 

Aufzeichnen der Abtropfspannung, wenn ein Tropfchen sich von der Ausgabespitze lost; und 
45 Abrufen des Volumens aus der Datenbank. 

36. Verfahren nach Anspruch 35, bei dem die Abtropfspannung mit einem Faradaybecher gemessen wird. 

37. Verfahren nach Anspruch 35, bei dem das Aufzeichnen des Abtropfens eines Tropfchens die folgenden Schritte 
50 aufweist: 

Richten eines elektromagnetischen Strahls von einer Quelle elektromagnetischer Strahlung auf das Tropfchen, 
wenn es sich an der Spitze bildet; und 

Uberwachen der von dem Tropfchen gekoppelten elektromagnetischen Strahlung an einem von dem Tropfchen 
55 fernen Sammler. 

38. Verfahren nach Anspruch 37, bei dem ein Lichtstrahl die Quelle elektromagnetischer Strahlung ist und die von dem 
Tropfchen reflektierte und/oder gebrochene Lichtmenge uberwacht wird. 
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39. Verfahren nach einem der Anspruche 28 bis 34, bei dem die folgenden Schritte durchgefuhrt werden: 

Messen der Ladung von Tropfchen einer bestimmten Flussigkeit fur verschiedene Tropfchenvolumen; 
Speichern einer Datenbankder Messungen; 
Aufzeichnen der Ladung an jedem Tropfchen und 
Abrufen der Volumen aus der Datenbank. 

40. Verfahren nach Anspruch 39, das Folgendes umfasst: 

Messen der Breite des Spannungsimpulses in dem Faradaybecher; 

Ermitteln der Zeit, die das Tropfchen zum Passieren durch den Becher benotigt; 

Ableiten der Geschwindigkeit des Tropfchens von der zum Passieren durch den Becher benotigten Zeit und 
Berechnen der Masse des Tropfchens anhand der spezifischen Ladung. 



Revendications 

1. Ensemble de distribution pour gouttelettes liquides du type comprenant : 

un distributeur a soupape de dosage (90) comprenant un element de corps allonge (41) ayant un alesage 
principal (42) se terminant dans un siege de soupape (43) qui forme une entree vers un ajutage (44), I'ajutage 
(44) ayant un alesage d'ajutage (45) qui se termine dans une pointe de distribution (46), 
un bossage de soupape (91 ) realise dans un materiau magnetique dur loge dans I'element de corps (41 ), dont 
la superf icie en coupe transversale est suff isamment inferieure a celle de I'alesage principal (42) pour permettre 
a du liquide de passer librement entre elles, et de contourner ainsi le bossage de soupape (91 ), 
un ensemble d'actionnement individuel de bossage de soupape (50, 51 ) qui est adjacent a I'element de corps, et 
un moyen d'alimentation (21) comprenant une source d'alimentation liquide pressurisee individuelle (22) afin 
de deplacer le liquide pressurise vers le distributeur (90) a travers une tubulure d'acheminement de liquide, 
caracterise en ce que le bossage de soupape flottant (91) est un bossage de soupape allonge (91) pour 
effectuer un mouvement limite hors de I'alignement avec I'alesage principal (42) et est magnetise le long de 
son axe longitudinal. 

2. Ensemble de distribution, selon la revendication 1, dans lequel le bossage de soupape (91) est recouvert d'une 
couche de polymere doux (48). 

3. Ensemble de distribution, selon I'une quelconque des revendications precedentes, dans lequel le bossage de sou- 
pape (91) est fabrique a partir d'un materiau magnetique flexible a liaisonnement polymere. 

4. Ensemble de distribution, selon I'une quelconque des revendications precedentes, dans lequel I'ensemble d'action- 
nement de bossage de soupape est une bobine electrique (50, 51 ) qui entoure I'element de corps (41 ). 

5. Ensemble de distribution, selon la revendication 4, dans lequel I'ensemble de bobines d'actionnement se compose 
de deux groupes individuels de bobines (50, 51) afin de deplacer le bossage de soupape (47) dans des directions 
opposees a I'interieur de I'element de corps (41 ). 

6. Ensemble de distribution, selon la revendication 5, dans lequel I'ensemble de bobines d'actionnement comporte 
une source d'energie electrique et un controleur (25) pour faire varier le courant par rapport au temps, au fur et a 
mesure que chaque gouttelette est distribute. 

7. Ensemble de distribution, selon I'une quelconque des revendications 1 a 3, dans lequel I'ensemble d'actionnement 
de bossage de soupape (250) comporte un aimant permanent (253) et un moyen (255) servant a deplacer I'aimant 
le long de I'element de corps allonge (41) pour le rapprocher et I'eloigner du siege de soupape (43). 

8. Ensemble de distribution, selon la revendication 7, dans lequel I'aimant (253) se presente essentiellement sous la 
forme d'un U afin d'englober I'element de corps (41). 

9. Ensemble de distribution, selon I'une quelconque des revendications 1 a 3, dans lequel I'ensemble d'actionnement 
de soupape (240) comporte une paire d'ensembles de magnetisation qui sont espaces I'un de I'autre, chacun 
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comprenant une bobine (242 et 243) enroulee autour d'un noyau (244 et 245) en materiau magnetique doux. 

10. Ensemble de distribution, selon la revendication 9, dans lequel le noyau (244, 245) se presente essentiellement 
sous la forme d'un U afin d'englober I'element de corps. 

11. Ensemble de distribution, selon Tune quelconque des revendications precedentes, dans lequel le bossage de sou- 
pape (47) est un obturateur cylindrique (91). 

12. Ensemble de distribution, selon la revendication 1 1, dans lequel I'obturateur cylindrique possede des ailettes cir- 
conferentielles (233) qui s'etendent dans le plan radial, cas dans lequel lors du mouvement du bossage en direction 
du siege de soupape, le liquide est pousse dans I'alesage d'ajutage et sur la pointe. 

13. Ensemble de distribution, selon Tune quelconque des revendications precedentes, dans lequel I'element de corps 
(41) et I'ajutage (45) constituent le moulage integral unique en matiere plastique. 

1 4. Ensemble de distribution, selon I'une quelconque des revendications 1 a 1 2, dans lequel I'element de corps (41 ) et 
I'ajutage (44) sont realises en acier inoxydable. 

15. Ensemble de distribution, selon I'une quelconque des revendications precedentes, comprenant : 

une electrode qui est incorporee a la pointe de distribution (8) ; 

une electrode receptrice individuelle (123) qui est eloignee de la pointe (8) ; et 

une source de haute tension (125) qui est connectee a I'une des electrodes afin de constituer entre ces deux 
postes un champ electrostatique pour provoquer le detachement d'une gouttelette qui est formee sur la pointe 
de distribution (8). 

1 6. Ensemble de distribution, selon la revendication 1 5, dans lequel I'electrode receptrice (1 23) se trouve sous la pointe 
de distribution (8). 

1 7. Ensemble de distribution, selon la revendication 1 5 ou 1 6, dans lequel un substrat de reception de gouttelettes (21 ) 
est monte entre I'electrode receptrice (123) et la pointe de distribution (8). 

18. Ensemble de distribution, selon la revendication 15 ou 16, dans lequel un substrat de reception de gouttelettes est 
monte sous I'electrode receptrice, I'electrode receptrice possedant au moins un trou pour permettre a la gouttelette 
de passer a travers ce dernier pour se rendre au substrat de reception (121). 

1 9. Ensemble de distribution, selon la revendication 1 7 ou 1 8, dans lequel il existe une pluralite d'electrodes receptrices 
(131), dont I'une au moins est activee a n'importe quel moment. 

20. Ensemble de distribution, selon I'une quelconque des revendications 1 5 a 1 9, dans lequel un moyen d'avancement 
synchrone (124) est prevu pour le distributeur (40) et I'electrode receptrice (131) en vue d'un deploiement precis 
de gouttelettes sur le substrat (121). 

21 . Ensemble de distribution, selon I'une quelconque des revendications 1 5 a 20, dans lequel il existe plus d'une seule 
electrode receptrice formant des electrodes de deflexion de gouttelettes (141, 1 42) qui sont montees sous la pointe 
de distribution (8) et au-dessus du substrat de reception de gouttelettes (121) et dans lequel la source de haute 
tension (1 25) possede un moyen de commande permettant de faire varier la tension qui est appliquee aux electrodes 
de deflexion. 

22. Ensemble de distribution, selon I'une quelconque des revendications precedentes, comprenant un detecteur (1 70) 
pour detecter le moment de separation de la gouttelette au niveau de la pointe de distribution. 

23. Ensemble de distribution, selon la revendication 22, dans lequel le detecteur (170) comprend : 

une source (171) de rayonnement electromagnetique ; 

un moyen permettant de focaliser le rayonnement sur I'extremite de la pointe de distribution ; et 
un moyen permettant de collecter (172) le rayonnement qui est transmis par 
une gouttelette se trouvant sur la pointe de distribution. 
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24. Ensemble de distribution, selon la revendication 23, dans lequel la source de rayonnement (171) est montee a 
I'interieur de I'ajutage du distributeur. 

25. Ensemble de distribution, selon Tune quelconque des revendications 15 a 21 , dans lequel un moyen est prevu pour 
mesurer la charge de la gouttelette. 

26. Ensemble de distribution, selon la revendication 25, comprenant un pot de Faraday (210). 

27. Ensemble de distribution, selon la revendication 25, comprenant un pot de Faraday sans fond (220). 

28. Procede permettant de distribuer une gouttelette, ay ant un volume inferieur a dix microlitres (10 julI), a partir d'une 
source d'alimentation liquide pressurisee passant par un distributeur a soupape de dosage comprenant un element 
de corps allonge ayant un alesage principal qui, par I'intermediaire d'un siege de soupape, est en communication 
avec un ajutage ayant un alesage d'ajutage lequel se termine dans une pointe de distribution, un bossage de 
soupape flottant allonge individuel realise dans un materiau magnetique dur qui est loge dans I'element de corps 
pour effectuer un mouvement limite hors de I'alignement avec I'alesage principal et qui est magnetise le long de 
son axe longitudinal, alors que la superficie en coupe transversale du bossage de soupape flottant allonge est 
suffisamment inferieure a celle de I'alesage principal pour permettre a du liquide de passer librement entre elles, 
et de contourner ainsi le bossage de soupape ; et un ensemble individuel de bobines d'actionnement de bossage 
de soupape qui entoure I'element de corps, comprenant les etapes consistant a : 

fournir le liquide pressurise au distributeur ; 

ouvrir la soupape grace a I'actionnement de I'ensemble de bobines pendant une duree prereglee afin d'ache- 
miner du liquide autour du bossage de soupape et de I'amener dans I'alesage d'ajutage ; et 
fermer la soupape lorsque la gouttelette tombe ; cas dans lequel, lors de la fermeture de la soupape, I'etape 
consistant a generer une impulsion de courant est effectuee, cette generation de courant se faisant au niveau 
d'une electrode receptrice eloignee de la pointe de distribution afin de generer un champ electrostatique en 
vue de provoquer un potentiel electrostatique entre la gouttelette et I'electrode receptrice pour detacher la 
gouttelette de la pointe de distribution. 

29. Procede, selon la revendication 28, dans lequel le liquide est pressurise a une pression inferieure a quatre bars. 

30. Procede, selon la revendication 28 ou 29, dans lequel le liquide est pressurise a une pression inferieure a deux bars. 

31. Procede, selon I'une quelconque des revendications 28 a 30, dans lequel I'electrode receptrice est montee en 
dessous d'un substrat de reception de gouttelettes lequel est situe entre I'electrode receptrice et I'ajutage. 

32. Procede, selon I'une quelconque des revendications 28 a 30, dans lequel I'electrode receptrice est montee entre 
un substrat de reception de gouttelettes et I'ajutage. 

33. Procede, selon la revendication 31 ou 32, dans lequel I'electrode receptrice est deplacee apres que chaque gout- 
telette ait ete distribute afin de diriger la prochaine gouttelette vers une autre position sur le substrat. 

34. Procede, selon I'une quelconque des revendications 28 a 33, dans lequel des electrodes de deflexion de gouttelettes, 
espacees les unes des autres, sont placees entre la pointe de distribution et un substrat de reception de gouttelettes, 
alors que les electrodes sont chargees de facon differentielle afin de provoquer le deplacement de la gouttelette 
dans le plan lateral au moment ou elle tombe de la pointe de distribution. 

35. Procede, selon I'une quelconque des revendications 28 a 34, comprenant les etapes consistant a : 

mesurer le volume d'une gouttelette d'un liquide particulier pour differentes tensions de chute ; 
stocker une base de donnees des mesures ; 

enregistrer la tension de chute lorsqu'une gouttelette se detache de la pointe de distribution ; et 
extraire le volume a partir de la base de donnees. 

36. Procede, selon la revendication 35, dans lequel la tension de chute est mesuree par un pot de Faraday. 

37. Procede, selon la revendication 35, dans lequel I'enregistrement de la chute d'une gouttelette inclut les etapes 
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consistant a : 

diriger un faisceau electromagnetique a partir d'une source de rayonnement electromagnetique jusqu'a la gout- 
telette au fur et a mesure que celle-ci se forme au niveau de la pointe ; et 

surveiller le rayonnement electromagnetique couple par la gouttelette au niveau d'un collecteur qui est eloigne 
de la gouttelette. 

38. Procede, selon la revendication 37, dans lequel un faisceau lumineux constitue le rayonnement electromagnetique 
et I'importance de lumiere reflechie et/ou refractee par la gouttelette est surveillee. 

39. Procede, selon Tune quelconque des revendications 28 a 34, dans lequel les etapes suivantes sont executees : 

mesurer la charge des gouttelettes d'un liquide particulier pour differents volumes de gouttelettes ; 
stocker une base de donnees des mesures ; 
enregistrer la charge sur chaque gouttelette ; et 
extraire les volumes a partir de la base de donnees. 

40. Procede, selon la revendication 39, consistant a : 

mesurer la largeur de I'impulsion de tension dans le pot de Faraday ; 

determiner I'intervalle de temps que prend la gouttelette pour passer a travers le pot ; 

deriver la vitesse de la gouttelette a partir de I'intervalle de temps que prend la gouttelette pour passer a travers 
le pot ; et 

calculer la masse de la gouttelette a partir du rapport charge/masse. 
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Fig T 16 
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Fig. 18 
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Fig. 31 
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Fig. 34 
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